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(54) Process for producing chlorine 

(57) The present invention is to provide a process 
for producing chlorine by oxidizing hydrogen chloride 
with oxygen, wherein said process uses one catalyst se- 
lected from the following catalysts (1) to (9): 

(1) a supported ruthenium oxide catalyst obtained 
by the steps which comprise supporting a ruthe- 
nium compound on a carrier, treating the supported 
one by using a basic compound, treating by using 
a reducing compound, and oxidizing; 

(2) a supported ruthenium oxide catalyst obtained 
by the steps which comprise supporting a ruthe- 
nium compound on a carrier, treating the supported 
one by using a reducing agent to form ruthenium 
having an oxidation number of 1 to less than 4 va- 
lence, and oxidizing; 

(3) a supported ruthenium oxide catalyst obtained 
by the steps which comprise supporting a ruthe- 
nium compound on a carrier, reducing the support- 
ed one by using a reducing hydrogenated com- 
pound, and oxidizing; 

(4) a supported ruthenium oxide catalyst obtained 
by using titanium oxide containing rutile titanium ox- 



ide as a carrier; 

(5) a supported ruthenium oxide catalyst obtained 
by the steps which comprise supporting a ruthe- 
nium compound on a carrier, treating the supported 
one by using a reducing compound or reducing 
agent in a liquid phase, and oxidizing, wherein tita- 
nium oxide contains an OH group in an amount of 
0.1 X 10-4 to 30 X 10- 4 (mol/g-carrier) per unit 
weight of the carrier; 

(6) a catalyst system containing the following com- 
ponents (A), and not less than 10% by weight of 
component (B): 

(A) an active component of catalyst; 

(B) a compound wherein thermal conductivity 
of a solid phase measured by at least one point 
within a range from 200 to 500° C is not less 
than 4 W/m. "C; 

(7) a supported ruthenium oxide catalyst having a 
macro pore with a pore radius of 0.03 to 8 microm- 
eter; 

(8) an outer surface-supported catalyst obtained by 
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supporting ruthenium oxide on a carrier at the outer (9) a supported ruthenium catalyst obtained by us- 

surface; and in 9 chromium oxide as a carrier 
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Description 

BACKGROOUND OF THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to a process for producing chlorine. More particularly, the present invention 
relates to a process for producing chlorine by oxidizing hydrogen chloride with oxygen, wherein said process can 
produce chlorine by using a catalyst having high activity in a smaller amount at a lower reaction temperature. The 

10 above invention also relates to a process for producing chlorine by oxidizing hydrogen chloride, wherein said process 
can facilitate control of the reaction temperature by making it easy to remove the reaction heat from catalyst bed using 
a catalyst having good thermal conductibility, which can be formed by containing a compound having high thermal 
conductivity of a solid phase, and can achieve high reaction conversion by keeping the whole catalyst bed at sufficient 
temperature for industrially desirable reaction rate . 

is [00023 The present invention also relates to a process for producing a supported ruthenium oxide catalyst. More 
particularly, the present invention relates to a process for producing a supported ruthenium oxide catalyst, wherein 
said process is a process for producing a catalyst having high activity and can produce a catalyst having high activity 
capable of producing the desired compound by using a smaller amount of the catalyst at a lower reaction temperature. 
[0003] Furthermore, the present invention relates to a supported ruthenium oxide catalyst. The present invention 

20 relates to a supported ruthenium oxide catalyst, wherein said catalyst has high activity and can produce the desired 
compound by using a smaller amount of the catalyst at a lower reaction temperature. 

Description of the Related Art 

2S [0004] It is well known that chlorine is useful as a raw material of vinyl chloride, phosgene, etc., and can be produced 
by oxidizing hydrogen chloride. For example, the Deacon reaction by using a Cu catalyst is well known. For example, 
British Patent No. 1,046,313 discloses a process for oxidizing hydrogen chloride by using a catalyst containing a ru- 
thenium compound, and also discloses that ruthenium (111) chloride is particularly effective among the ruthenium com- 
pounds. Furthermore, a process for supporting a ruthenium compound on a carrier is also disclosed and, as the carrier, 

30 silica gel, alumina, pumice and ceramic material are exemplified. As the Example, a ruthenium chloride catalyst sup- 
ported on silica is exemplified. However, a test was conducted using a catalyst prepared by using a process for preparing 
a ruthenium (III) chloride supported on silica disclosed in said patent publication. As a result, the ruthenium compound 
as a catalyst component is drastically volatilized and it was disadvantageous for industrial use. For example, European 
Patent EP-0184413A2 discloses a process for oxidizing hydrogen chloride by using a chromium oxide catalyst. How- 

35 ever, conventionally known processes had a problem that the activity of the catalyst is insufficient and high reaction 
temperature is required. 

[0005] When the activity of the catalyst is tow, a higher reaction temperature is required but the reaction of oxidizing 
hydrogen chloride with oxygen to produce chlorine is an equilibrium reaction. When the reaction temperature is high, 
it becomes disadvantageous in view of equilibrium and the equilibrium conversion of hydrogen chloride decreases. 
40 Therefore, when the catalyst has high activity, the reaction temperature can be decreased and, therefore, the reaction 
becomes advantageous in view of equilibrium and higher conversion of hydrogen chloride can be obtained. In case of 
the high reaction temperature, the activity is lowered by volatilization of the catalyst component. Also in this point of 
view, it has been required to develop a catalyst which can be used at low temperature. 

[0006] Both high activity per unit weight of catalyst and high activity per unit weight of ruthenium contained in the 
45 catalyst are required to the catalyst, industrially. Since high activity per unit weight of ruthenium contained in the catalyst 
can reduces the amount of ruthenium contained in the catalyst, it becomes advantageous in view of cost. It is possible 
to select the reaction condition which is more advantageous in view of equilibrium by conducting the reaction at a lower 
temperature using a catalyst having high activity. It is preferred to conduct the reaction at a lower temperature in view 
of stability of the catalyst. 

so [0007] The catalyst used in the oxidizing reaction of hydrogen chloride includes, for example, a supported ruthenium 
oxide catalyst prepared by supporting ruthenium chloride on a carrier, drying the supported one, heating in a hydrogen 
gas flow to form a supported metal ruthenium catalyst, and oxidizing the catalyst. When ruthenium chloride is reduced 
with hydrogen, sintering of ruthenium occurs, which results in decrease of activity of the resulting catalyst. 
[0008] A process for preparing ruthenium oxide supported on a carrier without causing sintering of ruthenium during 

ss the preparation step of a catalyst is preferred. First, a process has been desired which is not a process for reducing 
at high temperature by using hydrogen, but a process for preparing ruthenium oxide on a carrier with preventing sin- 
tering by treating a ruthenium compound with a mixture of a basic compound and a reducing compound, or a mixture 
of an alkali compound and a reducing compound, and oxidizing the treated one . 
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r00091 Second, a process has been desired which is a process for preparing ruthenium oxide on a carrier with pre- 
venting sintering by oxidizing after passing through a state of an oxidation number of 1 to less than 4 valence without 
preparing a ruthenium compound having an oxidation number of 0 valence by completely reduction • 
[0010] Third it has been desired to develop a catalyst preparing process which can obtain a highly active hydrogen 
s chloride oxidizing catalyst by passing through a preparation of a highly dispersed supported metal ruthenium catalyst, 
when the preparation is carried out by supporting a ruthenium compound on a carrier, reducing the supported one in 
order to prepare supported metal ruthenium catalyst, and oxidizing to prepare a supported ruthenium oxide catalyst, 
room A supported ruthenium oxide catalyst obtained by using an anatase crystalline or noncrystalline titanium 
oxide as a carrier was highly active to oxidation of hydrogen chloride, but it has been required to develop a catalyst 

10 rooi 2] h ?nme a caseof a conventional carrier which the content of an OH group on the surface of titanium oxide is too 
large or small, a catalyst having high activity was not obtained and the catalytic activity decreased sometimes as time 

rooiaf* When the oxidizing reaction of hydrogen chloride is conducted at a higher reaction rate with conventionally 
is known catalysts, heat generated as a result of the high reaction rate can not be sufficiently removed and the temperature 
of the catalyst bed increases locally and. therefore, the reaction temperature can not be easily controlled. 
r0014] Furthermore, when the reaction is conducted by using these catalysts, a large temperature distribution occurs 
in the catalyst bed and it is impossible to keep the whole system at sufficient temperature for industrially desirable 
reaction rate without exceeding upper temperature limit for keeping high catalyst activity. Therefore, the reaction con- 
20 version is lowered. 

[001 5] As a process for increasing the rate of removing heat generated during the reaction, for example, a process 
for increasing a heat transfer area in contact with external coolant per volume of the catalyst bed is known. However; 
when the heat transfer area becomes large , the cost of a reactor increases. On the other hand, when heat is removed 
by cooling the catalyst bed from outside, heat transfers to an external coolant through the catalyst bed and the heat 
25 transfer surface. When the thermal conductivity of the catalyst is improved, the heat removing rate increases. Therefore, 
it has been required to develop a catalyst having good thermal conductibility. which can increase the heat removing 
rate, to avoid difficulty of control of the reaction temperature. 

[0016] It is generally considered that, when a carrier supporting an active component of the catalyst is mixed with 
an inactive component at the ratio of 1 :1 . the activity per volume or per weight reduced to half. Therefore, it is required 
30 to develop a catalyst having good thermal conductivity as described above and further to develop a catalyst havmg 
high activity which the activity of the catalyst per volume or per weight does not decrease. 

[001 7] It is known that, since a supported catalyst is generally prepared by supporting on a carrier having porediam- 
eters of from 30 to 200 angstroms, the rate-determining step of the reaction is controlled by the catalyst pore diffusion 
control and it is difficult to improve the activity of the catalyst. Therefore it has been required to develop a catalyst 

35 having macropores which the inside of the catalytic particles can be utilized . 

[0018] As a result, since the reaction proceeds in the vicinity of the outer surface of the catalytic particles, it is con- 
sidered that ruthenium oxide supported on the outer surface of the carrier is used in the reaction but ruthenium oxide 
supported in the catalytic particles is not used in the reaction. Therefore, it has been required to develop a catalyst 
obtained by supporting ruthenium oxide on the outer surface of the catalyst. 

40 [001 9] It is also known that a ruthenium oxide catalyst is useful as a catalyst in process for preparing chlorine by an 
oxidizing reaction of hydrogen chloride and is obtained by hydrolyzing ruthenium chloride, oxidizing the hydrolyzed 
one, and calcining the oxidized one. For example, European patent EP -0743277 Aldiscloses that a ruthenium ox.de 
catalyst supported on titanium oxide is obtained by hydrolyzing a ruthenium compound by using an alkali metal hy- 
droxide supporting the hydrolyzed one on titanium hydroxide, and calcining the supported one under air. The present 

45 inventors have found that the supported ruthenium oxide catalyst is obtained by oxidizing a supported metal ruthenium 
catalyst As a process for preparing the supported metal ruthenium catalyst, for example, it is known that a process 
for preparing a supported metal ruthenium catalyst by supporting ruthenium chloride on a carrier, drying the supported 
one and heating the dried one in a hydrogen gas flow. However, there was a problem that a supported ruthenium 
oxide catalyst prepared by oxidizing a catalyst reduced by hydrogen has low activity due to sintering of ruthenium when 

so ruthenium chloride is reduced with hydrogen. 

[0020] A process for preparing ruthenium oxide supported on a carrier with preventing sintering has been required. 
First a process has been desired which is not a process for reducing at high temperature by using hydrogen, but for 
treating a ruthenium compound with a mixture of a reducing compound and a basic compound, or a mixture of an alkali 
compound and a reducing compound, and oxidizing the treated one. 

55 [0021] Second, a process has been desired which is a process for preparing ruthenium oxide on a carrier with pre- 
venting sintering by oxidizing after passing through a state of an oxidation number of t to less than 4 valence without 
preparing a ruthenium compound having an oxidation number of 0 valence by completely reduction . 
[0022] In general, it is difficult to reduce the ruthenium compound with a reducing compound, unlike platinum and 
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palladium. For example, because of this , there is a problem that a supported ruthenium oxide catalyst prepared by 
oxidizing after adding hydrazine to ruthenium chloride has low activity because of a formation of complex by adding 
hydrazine to ruthenium chloride. 

[0023] A supported ruthenium oxide catalyst obtained by using an anatase crystalline or non-crystalline titanium 
s oxide as a carrier was highly active to oxidation of hydrogen chloride, but it has been required to develop a catalyst 
having higher activity. 

[0024] In the case of a content of an OH group on the surface of titanium oxide which is a conventional carrier is too 
large or small, a catalyst having high activity was not obtained and the catalytic activity decreased sometimes as time 
passed. 

io [0025] It is known that the rate-determining step of the reaction is under the catalyst pore diffusion control and it is 
difficult to improve the activity of the catalyst since a supported catalyst is generally prepared by supporting on a carrier 
having pore diameters of from 30 to 200 angstroms,. As a result, it is considered that ruthenium oxide supported on 
the outer surface of the carrier is used in the reaction but ruthenium oxide supported in the catalytic particles is not 
used in the reaction since the reaction proceeds in the vicinity of the outer surface of the catalytic particles. Therefore, 

is it has been required to develop a technique lor supporting ruthenium oxide on the outer surface of the catalyst. 

SUMMARY OF THE INVENTION 

[0026] It is an object of the present invention is to provide a process for producing chlorine by oxidizing hydrogen 
20 chloride with oxygen, wherein said process can produce chlorine by using a catalyst having high activity in a smaller 
amount at a lower reaction temperature. One of the above object of the present invention to provide a process for 
producing chlorine by oxidizing hydrogen chloride, wherein said process can facilitate control of the reaction temper- 
ature by making it easy to remove the reaction heat from catalyst bed using a catalyst having good thermal conductivity, 
which can be formed by containing a compound having high thermal conductivity in solid phase, and can attain high 
2S reaction conversion by keeping the whole catalyst bed at sufficient temperature for industrially desirable reaction rate 
capable of oxidizing hydrogen chloride. 

[0027] It is still another object of the present invention to provide a process for producing a supported ruthenium 
oxide catalyst, characterized in that said process is a process for producing a catalyst having high activity and can 
produce a catalyst having high activity capable of the desired compound using a smaller amount of a catalyst at a 
30 lower reaction temperature. 

[0028] It is a further object of the present invention to provide a supported ruthenium oxide catalyst, characterized 
in that said catalyst has high activity and can produce the desired compound using a smaller amount of a catalyst at 
a lower reaction temperature. 

[0029] That is, the present invention relates to a process for producing chlorine by oxidizing hydrogen chloride with 
35 oxygen, wherein said process uses one catalyst selected from the following catalysts (1) to (9): 

(1) a supported ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound 
on a carrier, treating the supported one by using a basic compound, treating by using a reducing compound, and 
oxidizing; 

40 (2) a supported ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound 

on a carrier, treating the supported one by using a reducing agent to form ruthenium having an oxidation number 
of 1 to less than 4 valence, and oxidizing; 

(3) a supported ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound 
on a carrier, reducing the supported one by using a reducing hydrogenated compound, and oxidizing; 
45 (4) a supported ruthenium oxide catalyst obtained by using titanium oxide containing rutile titanium oxide as a 

carrier; 

(5) a supported ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound 
on a carrier, treating the supported one by using a reducing compound or reducing agent in a liquid phase, and 
oxidizing i wherein titanium oxide contains an OH group in an amount of 0.1 X 10* 4 to 30 X 10^ (mol/g-carrier) 

so per unit weight of a carrier: 

(6) a catalyst system containing the following components (A), and not less than 10% by weight of component (B): 

(A) an active component of catalyst; 

(B) a compound wherein thermal conductivity of a solid phase measured by at least one point within a range 
55 from 200 to 500*C is not less than 4 W/m.°C; 

(7) a supported ruthenium oxide catalyst having a macro pore with a pore radius of 0.03 to B micrometer; 

(8) an outer surface-supported catalyst obtained by supporting ruthenium oxide on a carrier at the outer surface; 
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and 

(9) a supported ruthenium catalyst obtained by using chromium oxide as a carrier. 

[0030] The present invention also relates to a process for producing a supported ruthenium oxide catalyst selected 
s from the following processes (1) to (5): 

(1) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a carrier, treating the supported one by using a basic compound, treating by using a 
reducing compound, and oxidizing; 
io (2) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 

ruthenium compound on a carrier, treating the supported one by using a reducing compound to form ruthenium 
having an oxidation number of 1 to less than 4 valence, and oxidizing; 

(3) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a titanium oxide carrier containing rutile titanium oxide, treating the supported one by 

16 using a reducing agent, and oxidizing; 

(4) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a titanium oxide carrier containing an OH group in an amount of 0.1 X 1(H to 30 X 10- 4 
(mol/g-carrier) per unit weight of a carrier, treating the supported one by using a reducing agent, and oxidizing; and 

(5) a process for producing a supported ruthenium oxide catalyst containing ruthenium oxide only at an outer 
20 surface layer, not less than 80% of the outer surface of said catalyst satisfying the following expression (1 ): 

S/L<0.35 0) 

25 wherein L is a distance between a point (A) and a point (B), said point (B) being a point formed on the surface of 

a catalyst when a perpendicular line dropped from any point (A) on the surface of the catalyst to the inside of the 
catalyst goes out from the catalyst at the opposite side of the point (A), and S is a distance between the point (A) 
and a point (C), said point (C) being a point on the perpendicular line where ruthenium oxide does not exist, wherein 
said process comprises supporting an alkali on a carrier, supporting at least one ruthenium compound selected 

30 from the group consisting of ruthenium halide, rutheniumoxy chloride, ruthenium^acetylacetonato complex, ruthe- 

nium organic acid salt and ruthenium-nitrosyl complex on the carrier, treating by using a reducing agent, and 
oxidizing. 

[0031 ] The present invention also relates to a supported ruthenium oxide catalyst obtained by supporting on a titanium 
35 oxide carrier containing not less than 20% by weight of rutile titanium oxide. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] The supported ruthenium oxide catalyst (1) used in the present invention is a supported ruthenium oxide 
40 catalyst obtained by the steps which comprises supporting a ruthenium compound on a carrier, treating the supported 
one by using a basic compound, treating by using a reducing compound, and oxidizing the resulting one . In general, 
said catalyst is industrially used in the form of being supported on a carrier. 

[0033] The supported ruthenium oxide catalyst (2) used in the present invention is a supported ruthenium oxide 
catalyst obtained by the steps which comprises supporting a ruthenium compound on a carrier, treating the supported 
45 one by using a reducing agent to form ruthenium having an oxidation number of 1 to less than 4 valence, and oxidizing 
the resulting one . 

[0034] The process for preparing the supported ruthenium oxide catalyst used in the oxidizing reaction of hydrogen 
chloride include various processes. For example, a process for preparing a catalyst comprising ruthenium oxide having 
an oxidation number of 4 valence supported on a carrier can be prepared by supporting ruthenium chloride on a carrier, 

so hydrolyzing the supported one by using an alkali, and calcining under an air. Alternatively, a process for preparing a 
catalyst comprising supported ruthenium oxide having an oxidation number of 4 valence can also be prepared by 
supporting ruthenium chloride on a carrier, reducing the supported one by using various reducing agents to form ru- 
thenium having a valence of 0, and calcining under an air. It is also possible to exemplify a preparation example of a 
supported ruthenium oxide catalyst comprising supported ruthenium oxide having an oxidation number of 4, which is 

ss prepared by supporting ruthenium chloride on a carrier, treating the supported one by using a mixed solution of various 
reducing compounds and basic compounds, or treating by using an aqueous alkali solution of a reducing compound, 
or treating by using various reducing agents, thereby to form a ruthenium compound having an oxidation number of 1 
to less than 4 valence, and calcining under an air. The catalyst prepared by this preparation process Can be exemplified 
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to 
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« a nranaration example which is most active to the oxidizing reaction of hydrogen chloride. The process of adjusting 
^ JSSS^ISSl^Llum compound supported on the carrier wrthin a range trom 1 to less than 4 vabnce 
Su^S^TSS^^r example, pnxess oi treating by using a mixed solution of a reducing compound and 

reduced to the valence of 0 and, therefore, it is necessary to use a suitable amount. 

EST ™ P«£Ttf measuring the oxidation number of the supported ruthenium induces ^^~jj=2 
eSle, since nitrogen is mainly generated when using hydrazine as the reducing agent, the valence number of 
ruthenium can be determined by the amount of nitrogen generated. 
[0036] The reaction scheme will be shown below. 

4RuCI 3 + 3N 2 H 4 + 120H- 4Ru° + 12CI" + 12H 2 0 + 3N 2 (D 



20 



or 

4RuCI 3 . + 3N 2 H 4 -> 4Ru° -1- 12CI" + 12H+ + 3N 2 



[W38] in the present invention , the oxidation number of ruthenium was determined from the amount of nitrogen 
generated by using the scheme (1). 
3D rnoaai The common part with the catalysts (1 ) and (2) will be explained. 

K Se ^^Tncludes, for example, oxides and mixed oxides of elements, such as trtamum ox.de, alumina 
^Lm oLe smcT t Lnium mixed oxide, zirconium mixed oxide, aluminum mixed ox.de, rtcon mixed ox.de and 
TZ Z^T^ZZ"^ oxide, alumina, zirconium oxide and si.ica. and more preferable earner ,s 

!S2lT fruthenium compound to be supported on the carrier include compounds, for example, ruthenium chloride 
Th Is fESSS chlororufLate such as ^RuCfe, [RuCy* and K^.**™^^*™ 
such as S(hW -d [RuCI 2 CH a O) 4 r; sal. of ruthenic acid, such as K 2 RuQ 4 ; ruthen.umoxy ch.or.de such as 

SuS; Sofr S ume d niumoxy chloride, such as K^X*. and CsRu 2 OC 4 ; ^^^^o^Z 
PutSSrf 1 *. [R«(NH 3 ) 6 P and [Ru(NH 3 ) s H 2 OP; ch.or.de and bromide of ruthen,um-amm.ne complex, such as [Ru 

" %£^S£Z^~* ^ treating the ruthenium compound supported on the -^J-^ 
Sample hydrazine, methanol, ethanol. formaldehyde, hydroxylamine or formic acd, or an aqueous so 
zTnJ Tlano^^ 

Preyed "e mTthano" ethanoi, forma«ehyde. and solutions of hydrazine. 

ss dehyde. More preferred are hydrazine and a solution of hydrazine. The reducing ^T^^^^^os 
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V, that of formaldehyde is 0.056 V and that of formic acid Is -0.199 V, respectively. It is also a preferable process to 
use an aqueous alkali solution of the reducing compound. 

[0044] The basic compound listed as the catalyst (1) Includes, for example, ammonia; amine such as alkyl amine, 
pyridine, aniline, trimethylamine and hydroxyl amine; alkali metal hydroxide such as potassium hydroxide, sodium 
s hydroxide and lithium hydroxide; alkali metal carbonate such as potassium carbonate, sodium carbonate and lithium 
carbonate; and hydroxide of quaternary ammonium salt. 

[0045] The basic compound for preparing the catalyst (2) includes, for example, ammonia; amine such as alkyl amine, 
pyridine, aniline, trimethylamine and hydroxyl amine; alkali metal hydroxide such as potassium hydroxide, sodium 
hydroxide and lithium hydroxide; alkali metal carbonate such as potassium carbonate, sodium carbonate and lithium 

10 carbonate; hydroxide of quaternary ammonium salt; and alkyl aluminum such as triethyl aluminum. 

[0046] The process of treating the ruthenium compound supported on the carrier by using a reducing compound 
includes, for example, a process of supporting a ruthenium compound on a carrier, drying the supported one, and 
dipping the dried one in a reducing compound or a solution of a reducing compound, or impregnating with a reducing 
compound or a solution of a reducing compound. A process of dipping in an alkali solution of a reducing compound is 

is also a preferable process. 

[0047] A process of treating by using a reducing compound or an alkali solution of the reducing compound, and 
adding an alkali metal chloride is also a preferable process. The process of oxidizing includes, for example, process 
of calcining under air. 

[0048] A weight ratio of ruthenium oxide to the carrier is preferably within a range from 0.1/99.9 to 20.0/80.0, more 
20 preferably from 0.5/99.5 to 15.0/85.0, and most preferably from 1.0/99.0 to 15.0/85.0. When the ratio of ruthenium 
oxide is too low, the activity is lowered sometimes. On the other hand, when the ratio of ruthenium oxide is too high, 
the price of the catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported include ruthenium 
dioxide, ruthenium hydroxide and the like. 

[0049] The embodiment of the process for preparing the supported ruthenium oxide catalyst used in the present 
25 invention include a preparation process comprising the following steps: 

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst; 
an alkali treating step: step of adding an alkali to one obtained in the ruthenium compound supporting step; 
a reducing compound treating step: step of treating one obtained in the alkali treating step by using a reducing 
30 compound; and 

an oxidizing step: step of oxidizing one obtained in the reducing compound treating step. 

[0050] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the 
alkali treating step and the reducing compound treating step in the above step. 
35 [0051] Preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the present 
invention include a preparation process comprising the following steps: 

a ruthenium halide compound supporting step: step of supporting a ruthenium halide compound on a carrier of a 
catalyst; 

40 an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide compound supporting step; 

a reducing compound treating step: step of treating one obtained in the alkali treating step by using hydrazine, 
methanol, ethanol or formaldehyde; and 

an oxidizing step: step of oxidizing one obtained in the reducing compound treating step. 

45 [0O52] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the 
alkali treating step and the reducing compound treating step in the above step. 

[0053] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the 
present invention include a preparation process comprising the following steps: 

so a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst; 

an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide supporting step; 
a hydrazine treating step: step of treating one obtained in the alkali treating step by using hydrazine; and 
an oxidizing step: step of oxidizing one obtained in the hydrazine treating step. 

ss [0054] It is also preferred to use an aqueous alkali solution of a hydrazine to simultaneously conduct the alkali treating 
step and the hydrazine treating step in the above step. 

[0055] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the 
present invention include a preparation process comprising the following steps: 
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a ruthenium halide supporting step: step of supporting ruthen.um hal.de on a carrier of a catalyst 

an alkali treating step: step of adding an alkali to one obtained in the ruthen.um halide supporttng step. 

a hydrazine treating step: step of treating one obtained In the alkali treating step by using hydrazine; 

an oxfolzing step: step of oxidizing one obtained in the alkali metal chloride adding step. 
[0056] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkali treating 
, a'step of supporting ruthenium halide on a carrier o, a cata^lje 

leim^poundtobes 

Among them, preferred examples thereof are halides of ruthenium, for example ruthen.um chloride such » RuCb 
3 RuCI 3 hydrate and ruthenium bromide such as RuBr 3 and RuBr a hydrate. More preferred one ,s a ruthen.um 

is Sss? Amount of ruthenium halide used in the ruthenium halide supporting step is usually an amounl I corre- 
spond ng to a prefer able weight ratio of ruthenium oxide to the carrier. That is. ruthen.um hal.de ,s supporter I by using 
a process of impregnating an already listed carrier of the catalyst, or a process of performing «qo,l,bnum adsorpt^ 
As the solvent for example, water and an organic solvent such as alcohol are used, and water .s preferred. The 
fmp!egnat* one In be Sried, and can also be treated by using an alkali without being dried, but it .s preferable the 

20 Impregnated^ 

from 50 to 200*C and the drying time is preferably from 1 to 10 hours. 

[£,59] The alkali treating step is a step for adding an alkali .0 one obtained in the ruthen.um natid^upportrng s ep 
The a kali used in the alkali treating step includes, for example, hydroxide carbonate and ^^^^ J™ 
metal: aqueous solution of ammonia, ammonium carbonate and ammon.um hydrogencarbona.e. an« I sol luUon of an 
25 organcsofcentsuchasalcoholAsUnealk^ 

are preferably used. As the solvent for example, water is preferably used. The concentration of the alkal. var.es de- 
oendina on the alkali to be used, but is preferably from 0.1 to 10 mol/l. ... 
K Regain 

toTmol of ruthenium halide. Preferably, the alkali is used in the amount of 0.1-20 equ^alent par aquwalent of ruthen.um 
» ha ide The process of adding me alkali include a process of impregnating with a solution of the alkal. or a process of 
dfpping in a solution of the alkali. The time of impregna.ion with the solution of the alkali is usually w,«h.n 6 minutes^ 
Since re activity of the catalyst decreases when the impregnation time is long, the .mpregn^on time .s preferably 
within 1 0 minutes. The temperature is preferably from 0 to 1 00°C, and more preferably from 1 0 to 60 C. 
Zell The hydrazine treating step is a step of treating one obtained in the alkali treating step by us.ng hydraz.ne. 
KTJ Jsso,^ 

and a process of dipp^g in a solution of hydrazine. The supported ruthenium halide treated by using the alkal. in the 
previous step and an alkali solution may be added to a hydazine solution in a state of be.ng m«ed. or ma ^be added 
to the hydazine solution after the alkaline solution was separated by filtranon. A preferable process «ap^^ 
mpregnating the supported ruthenium halide with the alkali and immediately add.ng to the hydrazme soluhon^The 
Xentration of hydazine used in the hydrazine treating step is preferably not less than 0.1 mol/l. Hydrazine ^hydrate 
such as hydrazine monohydrate may be used as it is. Alternatively, it is used as a solution , of an organ* 
as alcohol. Preferably, an aqueous solution of hydrazine or hydrazine hydrate .s used. Anhydr.de and a monohydrate 
of hydrazine can also be used. Regarding a molar ratio of ruthenium halide to hydrazine, hydraz.ne .s used >n the 
amount of 0.1to20 mo. per mo. of ruthenium halide. The time of impregnation with Uneso.ut.on of 
45 from 5 minutes to 5 hours, and more preferably from 10 minutes to 2 hours. The ,e " * 
100'C. and more preferably from 10 to 60'C. After dipping in the hydraz.ne soluuon. the d.pp.ng one is preferably 
separated from the solution by filtration. ^n, mH 
[0062] It is a.so preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkal. treat.ng 
step and hydrazine treating step in the above step. Preferable process includes a process of slowly d.pp.ng one obtained 
so f n the ruthenL ha.ide supporting step to those prepared by mixing a preferab.e amount of the alkal, w.,h a preferable 

amount of hydazine, and treating for 5 minutes to 5 hours. 

[0063] More preferabte process includes a process of washing a so.ld produced in the a kal, ^..ng step^ ^ hy- 
drazine treating step, thereby to remove the alkali and hydrazine, drying, adding an alkal. metal chlonde In the follow.ng 
alkali metal chloride addinq step, drying, and oxidizing. 
ss [0064^ I More preferable process includes a process of washing a solid produced in the alkali treafng step and hy- 
S treating step by using an aqueous solution of an alkali metal chloride, drying, and oxidizing. This process is 
P^eibS^ 
in the same step. 
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[0065] The alkali metal chloride adding step Is a step ol adding an alkali metal chloride to one obtained in the alkali 
treating step and hydrazine treating step. This step is not an indispensable step to prepare the supported ruthenium 
oxide catalyst but the activity of the catalyst Is further improved by conducting said step. That is, the resulting solid is 
oxidized by the following oxidizing step, but it is a preferable preparation example to convert it into highly active sup- 
s ported ruthenium oxide by oxidizing the resulting solid treated with the alkali and hydrazine in the presence of an alkali 

[00^] Sal The alkali metal chloride includes, for example, chloride of alkali metal, such as potassium chloride and sodium 
chloride Preferable alkaline metal chlorides are potassium chloride and sodium chloride, and more preferable one is 
potassium chloride. A molar ratio of the alkali metal salt to ruthenium is preferably from 0.01 to 10, and more preferably 
10 from 0 1 to 5 0 When the amount of the alkali metal salt used is too small, sufficient highly active catalyst is not obtained. 
On the other hand, when the amount of the alkali metal salt used is too large, the cost becomes high from an industrial 

point of view. ... . . 

[0067] The process of adding the alkali metal chloride includes a process of impregnating the resulting supported 
ruthenium one , obtained by washing, drying, treating by using an alkali and hydrazine, with an aqueous solution of 

is the alkali metal chloride, but more preferable process includes a process of impregnating the resulting supported ru- 
thenium one treated with the alkali and hydrazine by washing with an aqueous alkali metal chloride solution without 
being washed with water. . 
[0068] For the purpose of adjusting the pH in the case of washing the resulting supported one . hydrochloric acid 
can be added to an aqueous solution of the alkali metal chloride. The concentration of the aqueous solution of the 

20 alkali metal chloride is preferably from 0.01 to 10 mol/l, and more preferably from 0.1 to 5 mol/l. 

[0069] The purpose of washing lies in removal of the alkali and hydrazine, but the alkali and hydrazine can also be 
remained as far as the effect of the present invention is not adversely affected. 

[0070] After impregnating with the alkali metal chloride, the catalyst is usually dried. Regarding the drying conditions, 
the drying temperature is preferably from 50 to 200°C and the drying time is preferably from 1 to 10 hours. 

2S [0071] The oxidizing step is a step of oxidizing one obtained in the alkali treating step and hydrazine treating step 
(in the case of using no alkali metal chloride adding step), or a step of oxidizing one obtained in the alkali metal chloride 
adding step (in the case of using the alkali metal chloride adding step). The oxidizing step can include a process of 
calcining under an air. It is a preferable preparation example to convert it into highly active supported ruthenium oxide 
by calcining one treated with the alkali and hydrazine in the presence of an alkali metal salt, in a gas containing oxygen. 

30 A gas containing oxygen usually includes air. 

[0072] The calcination temperature is preferably from 1 00 to 600*C, and more preferably from 280 to 450 C. When 
the calcination temperature is too low. particles formed by the alkali treatment and hydrazine treatment are remained 
in a large amount in the form of a ruthenium oxide precursor and, therefore, the activity of the catalyst becomes insuf- 
ficient sometimes. On the other hand, when the calcination temperature is too high, agglomeration of ruthenium oxide 

3S particles occur and. therefore, the activity of the catalyst is lowered. The calcination time is preferably from 30 minutes 
to 10 hours. 

[0073] In this case, it is important to calcine in the presence of the alkali metal salt. By using this process, it is possible 
to obtain higher activity of the catalyst because that process can form more fine particles of ruthenium oxide, comparing 
the process which includes calcining in the substantially absence of the alkali metal salt. 

40 [0074] By the calcination, the particles supported on the carrier, which are formed by the alkali treatment and hydra- 
zine treatment, are converted into a supported ruthenium oxide catalyst. It can be confirmed by analysis such as X- 
ray diffraction and XPS (X-ray photoelectron spectroscopy) that the particles formed by the alkali treatment and hy- 
drazine treatment were converted into ruthenium oxide. Incidentally, substantially total amount of particles formed by 
the alkali treatment and hydrazine treatment are preferably converted into ruthenium oxide, but the particles formed 

45 by the alkali treatment and hydrazine treatment can be remained as far as the effect of the present invention is not 
adversely affected. m 

[0075] The process of oxidizing one treated with the alkali and hydrazine, washing the remained alkali metal chloride, 
and drying is a preferable preparation process. It is preferred that the alkali metal chloride contained on calcination is 
sufficiently washed with water. The process of measuring the alkali metal chloride after washing includes a process of 

so examining the presence/absence of white turbidity by adding an aqueous silver nitrate solution to the filtrate. However, 
the alkali metal chloride may be remained as far as the effect of the present invention is not adversely affected. 
[0076] According to a preferable preparation process, the washed catalyst is then dried. Regarding the drying con- 
ditions the drying temperature is preferably from 50 to 200°C and the drying time is preferably from 1 to 10 hours. 
[0077] The supported ruthenium oxide catalyst produced by the above steps is highly active, and the activity was 

55 higher than that of the catalyst prepared by oxidizing a catalyst obtained by reducing ruthenium chloride with hydrogen. 
Furthermore, a catalyst obtained by previously treating ruthenium chloride by using an alkali, treating by using hydrazine 
(alternatively, alkali treatment and hydrazine treatment are simultaneously conducted), and oxidizing showed higher 
activity than that of a catalyst obtained by treating ruthenium chloride wilh hydrazine, and oxidizing. 
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[0078] The supported ruthenium oxide catalyst used in the catalyst (3) of the present invention, which is obtained 
by reducing a ruthenium compound supported on a carrier with a reducing hydrogenated compound, and oxidizing, is 
a catalyst containing a supported ruthenium oxide catalyst comprising ruthenium oxide supported on a carrier. In gen- 
eral, it ts industrially used in the form of being supported on a carrier. 

[0079] As the carrier, the same carriers as those used in the catalysts (1 ) and (2) of the present invention can be used. 
[0080] As the weight ratio of the ruthenium oxide to the carrier, the same ratio as that in the catalysts (1 ) and (2) of 
the present invention is used. 

[0081] As the ruthenium compound to be supported on the carrier, for example, the same ruthenium compounds as 
those used in the catalysts (1) and (2) of the present invention are used. 

[0082] The process of supporting the ruthenium compound on the carrier includes, for example, impregnation process 
and equilibrium adsorption process. 

[0083] The reducing hydrogenated compound used for reducing the ruthenium compound supported on the carrier 
Include, for example, boron hydride compound such as NaBH 4 , Na 2 B2H 6 . IMa 2 B 4 H 10 , Na 2 B s H 9 , LiBH 4 , K 2 B 2 H 6 , 
K 3 B 4 H 10 . K 2 B 5 H g and AI(BH 4 ) 3 ; organometallic boron hydride compound such as LiB[CH(CH 3 )C 2 H 5 ] 3 H, LiB(C 2 H s ) 3 H, 
KB[CH(CH 3 )C 2 H 5 ] 3 H and KB[CH(CH 3 )CH(CH 3 ) 2 ] 3 H; metal hydride such as LiAIH, NaH, LiH and KH; and organome- 
tallic hydride such as [(CH 3 ) 2 CHCH 2 ] 2 AIH. Preferable reducing agents are alkali metal boron hydride compound such 
as NaBH 4 , Na 2 B 2 H 6 , Na 2 B 4 H 10 , Na 2 B 5 H 9 , LiBH 4 , K 2 B 2 H 6 , K 3 B 4 H 10 and K 2 B 5 H 9 . More preferable one is NaBH 4 . 
[0084] Preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the catalyst 
(3) of the present invention include a preparation process comprising the following steps: 

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst; 
a reducing step: step of reducing one obtained in the ruthenium compound supporting step by using a reducing 
hydrogenated compound; and 

an oxidizing step: step of oxidizing one obtained in the reducing step; 

or 

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst; 
a reducing step: step of reducing one obtained in the ruthenium compound supporting step by using a reducing 
30 hydrogenated compound; 

an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and 
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step . 

[0085] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the 
3S catalyst (3) of the present invention include a preparation process comprising the following steps: 

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst; 
a reducing step: step of reducing one obtained in the ruthenium hydride supporting step by using an alkali metal 
boron halide compound; and 
40 an oxidizing step: step of oxidizing one obtained in the reducing compound treating step; 

or 

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst; 
45 a reducing step: step of reducing one obtained in the ruthenium halide supporting step by using an alkali metal 

boron hydride compound; 

an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and 
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step . 

so [0086] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the 
catalyst (3) of the present invention include a preparation process comprising the following steps: 

a ruthenium chloride supporting step: step of supporting ruthenium chloride on a carrier of a catalyst; 
a reducing step: step of reducing one obtained in the ruthenium chloride supporting step by using sodium boron 
55 hydride; and 

an oxidizing step: step of oxidizing one obtained in the reducing step; 

or 
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a ruthenium chloride supporting step: step of supporting ruthenium chloride on a carrier of a catalyst; 

a reducing step: step of reducing one obtained in the ruthenium chloride supporting step by using sodium boron 

ana'lkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and 
s an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step . 

r0087] The respective steps will be explained below. 

[0088] The ruthenium chloride supporting step Is a step of supporting ruthenium chloride on a carrier of a catalyst. 
The amount of ruthenium chloride used in the ruthenium chloride supporting step is usually an amoun corresponding 

10 to a preferable weight ratio of ruthenium oxide to the carrier. That is, a solution of ruthenium chlonde Is supported on 
the already listed carrier of the catalyst. As the solvent, for example, water and an organic solvent such as alcohol are 
used and water is preferred. A ruthenium compound other than ruthenium chloride can also be used However, when 
using a compound which does not dissolve in water, there can be used an organic solvent c *P» bte «J.**^£'°' 
example, hexane and tetrahydrofuran. Then, supported one can be dried or reduced without being dried, but a process 

is of drying is preferred. Regarding the conditions tor drying the supported one, the diying temperature is preferably from 
50 to 200°C and the drying time is preferably from 1 to 10 hours. 

r00891 The reducing step is a step of reducing one obtained in the ruthenium chloride supporting step by using 
sodium boron hydride (NaBH 4 ). The process of the reducing step includes a process of dipping one obtained tn the 
ruthenium chloride supporting step in a solution of sodium boron hydride . The sodium boron hydride solution includes 
20 aqueous solution and solution of an organic solvent such as alcohol, but a mixed solution of water and an organic 
solvent can also be used. Preferably, a mixed solution of water and alcohol is used and, more P'eferably^ a 
water and ethanol is used. The concentration of the solution of sodium boron hydr.de is usually from 0.05 to 20 yi by 
weiqht and preferabV from 0.1 to 10% by weight. The molar ratio of the sodium boron hydride to the supported ruthe- 
nium is usually from 1.0 to 30. and preferably from 2.0 to 15. The catalyst may be washed with water after reducing 
25 or may be subjected to a step of washing with an aqueous alkali metal chloride solution as an operation of the alkali 
metal chloride adding step. Preferably, a process of reducing, washing with water, and drying is adopted . 
r00901 It is also possible to reduce with a reducing compound other then sodium boron hydride. In that case, an 
aprotic anhydrous solvent is preferably used. For example, a supported ruthenium compound is reduced with a reducing 
hvdroqenated compound other than sodium boron halide by using a toluene solvent. 

[0091] The alkali metal chloride adding step is a step of adding an alkali metal chloride to one obtained in the reducing 
step. This step is conducted in the same manner as that in the alkali metal chloride adding step conducted m the 

catalysts (1) and (2) of the present invention. _ 

r00921 The oxidizing step is a step of oxidizing one obtained in the reducing step (in the case of using no alkali metal 
chloride adding step), or a step of oxidizing one obtained in the alkali metal chloride adding step (in the case of using 
the alkali metal chloride adding step). This step is conducted in the same manner as that in the oxidizing step conducted 
in the catalysts (1) and (2) of the present invention. 

r00931 By the calcination, the metal ruthenium supported on the carrier is converted into a supported ruthenium oxide 
catalyst. It can be confirmed by analysis such as X-ray diffraction and XPS (X-ray photoelectron spectroscopy) that 
the metal rulhenium was converted into ruthenium oxide. Incidentally, substantially total amount of the meta ruthenium 
40 is preferably converted into ruthenium oxide, but the metal ruthenium can be remained as far as the effect of the present 

invention is not adversely affected. 

[0094] The process of oxidizing the supported metal ruthenium, washing the remained alkali metal chlonde with 
water and drying is a preferable preparation process. It is preferred that the alkali metal chloride contained on calci- 
nation is sufficiently washed with water. The process of measuring the alkali metal chloride after washing Includes a 
4S process of examining the presence/absence of white turbidity by adding an aqueous silver nitrate solution to the filtrate. 
However the alkali metal chloride may be remained as far as the effect of the present invention is not adversely affected 
[0095] The washed catalyst is preferably then dried. Regarding the drying conditions, the drying temperature is pref- 
erably from 50 to 200-C and the drying time is preferably from 1 to 1 0 hours. 

[0096] The supported ruthenium oxide catalyst produced by the above steps is highly active, and is very effective 

so for a process for preparing chlorine by oxidizing hydrogen chloride with oxygen. 

r00971 The supported ruthenium oxide catalyst used in the catalyst (4) of the present invention is a supported ruthe- 
nium oxide catalyst using titanium oxide containing rutile titanium oxide as a carrier. As the titanium oxide for example, 
rutile titanium oxide, anatase titanium oxide and non^rystal titanium oxide are known. The titanium oxide <™**™9 
rutile titanium oxide used in the present invention refers to one containing a rutile crystal, wherein a ratio of the rutile 

ss crystal to the anatase crystal in the titanium oxide is measured by X-ray diffraction analysis. The measuring process 
will be described in detail hereinafter. When the chemical composition of the carrier used in the present invention is 
composed of titanium oxide alone, the proportion of the rutile crystal is determined from a ratio of the rutile crystal to 
the anatase crystal in the titanium oxide by using X-ray diffraction analysis. In the present Invention, a mixed oxide of 
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the titanium oxide and other metal oxide is also used . In that case, the proportion of the rutile crystal is determined by 
the following process. The oxide to be mixed with the titanium oxide includes oxides of elements, and preferred exam- 
pies thereof include alumina, zirconium oxide and silica. The proportion of the rutile crystal in the mixed oxide Is also 
determined from the ratio of the rutile crystal to the anatase crystal in the titanium oxide by using X-ray diffraction 
s analysis It is necessary to contain the rutile crystal. In this case, the content of the oxide other than the titanium oxide 
in the mixed oxide is within a range from 0 to 60% by weight. Preferred carrier includes titanium oxide which does not 
contain a metal oxide other than titanium oxide. 

[0098] It is necessary that the titanium oxide contains the rutile crystal. The proportion of the rutile crystal is preferably 
not less than 10%, more preferably not less than 30%, and most preferably not less than 80%. 

w [0099] The process for preparing the titanium oxide containing the rutile crystal includes various processes. In gen- 
eral the following processes are exemplified . For example, when using titanium tetrachloride as a raw material, titanium 
tetrachloride is dissolved by adding dropwise in ice^cooled water, and then neutralized with an aqueous ammonia 
solution to form titanium hydroxide (ortho-titanic acid). Thereafter, the formed precipitate was washed with water to 
remove a chlorine ion. In that case, when the temperature on neutralization becomes higher than 20 9 C or the chlorine 

is ion is remained in the titanium oxide after washing, conversion into a stable rutile crystal is liable to occur on calcination. 
When the calcination temperature becomes not less than 600°C, conversion into rutile occurs (Catalyst Preparation 
Chemistry, 1 989, page 21 1 , Kodansha). For example, a reaction gas is prepared by passing an oxygen-nitrogen mixed 
gas through a titanium tetrachloride evaporator and the reaction gas is introduced into a reactor. The reaction between 
titanium tetrachloride and oxygen starts at a temperature of about 400'C and titanium dioxide formed by the reaction 

20 of a TiCI 4 -0 2 system is mainly an anatase type. However, when the reaction temperature becomes not less than 900 C. 
formation of a rutile type can be observed (Catalyst Preparation Chemistry, 1 989, page 89, Kodansha). The preparation 
process includes, lor example, a process of hydrolyzing titanium tetrachloride in the presence of ammonium sulfate 
and calcining (e.g. Shokubai Kougaku Kouza 10, Catalyst Handbook by Element, 1 978, page 254, Chijin Shokan) and 
a process of calcining an anatase titanium oxide (e.g. Metal Oxide and Mixed Oxide. 1980, page 107, Kodansha). 

25 Furthermore, rutile titanium oxide can be obtained by a process for hydrolyzing an aqueous solution of titanium tetra- 
chloride by heating. Rutile titanium oxide is also formed by previously mixing an aqueous titanium compound solution 
of titanium sulfate or titanium chloride with a rutile titanium oxide powder, hydrolyzing the mixture by heating or using 
an alkali, and calcining at low temperature of about 500° C. 

[01 00] The process of determining the proportion of the rutile crystal in the titanium oxide includes a X-ray diffraction 
30 analysis and, as a X-ray source, various X-ray sources can be used. For example, a K a ray of copper is used. When 
using the K a ray of copper, the proportion of the rutile crystal and the proportion of the anatase are respectively 
determined by using an intensity of a diffraction peak of 2 8 =27.5 degree of the plane (110) and an intensity of a 
diffraction peak of 2 8=25.3 degree of the plane (1 01 ). The carrier used in the present invention is one having a peak 
intensity of the rutile crystal and a peak intensity of the anatase crystal, or one having a peak intensity of the rut.le 
3S crystal That is, the carrier has both of a diffraction peak intensity of the rutile crystal and a diffraction peak of the 
anatase crystal, or has only a diffraction peak of the rutile crystal. Preferred carrier is one wherein a proportion of the 
peak intensity of the rutile crystal to the total of the peak intensity of the rutile crystal and the peak intensity of the 
anatase crystal is not less than 1 0%. Also in the supported ruthenium oxide catalyst using in the titanium oxide carrier 
containing rutile titanium oxide, an amount of an OH group contained in the carrier is preferably a similar amount to 
40 the catalyst (5) of the present invention. Although the details will be described with regard as the catalyst (5) of the 
present invention, the amount of the OH group of the titanium oxide of the carrier used in the catalyst is usually from 
0.1 X 10-4 to 30 X 10"» (mol/g-carrier), preferably from 0.2 X 10-4 to 20 X 10^ (mol/g-carrier), and more preferably 
from 3.0 X 1 0" 4 to 1 5 x 10' 4 (mol/g-carrier). 

[0101] The supported ruthenium oxide catalyst used in the catalyst (5) of the present invention is a supported ruthe- 
45 nium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound on a carrier, treating 
the supported one by using reducing compound or reducing agent in a liquid phase, and oxidizing the resulted one, 
wherein titanium oxide containing an OH group in an amount of 0.1 X 10-4 to 30 X 10" 4 (mol/g-carrier) per unit weight 
of a carrier is used as the carrier. The carrier includes, for example, rutile crystal carrier, anatase crystal carrier and 
non-crystal carrier. Preferable carriers are rutile crystal carrier and anatase crystal carrier, and more preferable one is 
so rutile crystal carrier. It is generally known that a hydroxyl group represented by OH, bound to Ti, exists on the surface 
of the titanium oxide. The titanium oxide used in the present invention is one containing an OH group, and the process 
of measuring the content of OH group will be described in detail hereinafter. When the chemical composition of the 
carrier used in the present invention is consisting essentially of titanium oxide alone, it is determined from the content 
of the OH group in the titanium oxide. In the present invention, a mixed oxide of the titanium oxide and other metal 
55 oxide is also used . The oxide to be mixed with the titanium oxide includes oxides of elements, and preferred examples 
thereof include alumina, zirconium oxide and silica. In that case, the content of the oxide other than the titanium oxide 
in the mixed oxide is within a range from 0 to 60% by weight. Also this case, the content of the OH group per unit 
weight of the carrier contained in the carrier is determined by the measuring process which is also described in detail 
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hereinafter Preferred carrier is titanium oxide which does not contain the metal oxide other than the titanium oxide. 
[0102] When the content of the OH group of the carrier is targe, the carrier and supported ruthenium oxide may react 
each other resulting in deactivation. On the other hand, when the content of the OH group of the carrier is small, the 
activity of the catalyst is lowered sometimes by sintering of the supported ruthenium oxide and the other phenomenon. 

5 f0103l The process of determining the content of the OH group of the titanium oxide includes various processes. 
For example, a process using a thermogravimetric process (TG) is exemplified. When using the thermogravimetric 
process the temperature is kept constant and, after removing excess water in a sample, the sample is heated and the 
content of the OH group is measured from a weight loss. According to this process, the amount of the sample is small 
and it is difficult to measure with good accuracy. When heat decomposable impurities exist in the carrier, there is a 

to drawback that the actual content of the OH group is not determined. When using the measurement of ignition loss 
((gloss) for measuring the content of the OH group from the weight loss of the sample in the same manner, the meas- 
urement with high accuracy can be conducted if the amount of the sample is increased. However, an influence of the 
heat decomposable impurities is exerted similar to the case of the thermogravimetric process. Furthermore, there is 
also a drawback that the weight loss obtained by the thermogravimetric process and ignition loss measurement also 

is includes the bulk OH group content which is not effective on preparation of the catalyst. 

[0104] A process using sodium naphthalene is also exemplified . According to this process, an OH group in a sample 
is reacted with sodium naphthalene as a reagent and then the content of the OH group is measured from the titration 
amount of sodium naphthalene. In this case, since a change in concentration of the reagent for titration and a trace 
amount of water exert a large influence on the results, the measuring results are influenced by the storage state of the 

20 reagent. Therefore, it is very difficult to obtain a value with good accuracy. 

[0105] A titration process using an alkyl alkali metal is also exemplified . The titration process using the alkyl alkali 
metal includes a preferable process of suspending a titanium oxide carrier or a titanium oxide carrier powder in a 
dehydrated solvent, adding dropwise an alkyl alkali metal in a nitrogen atmosphere, and determining the amount of 
the OH group contained in the titanium oxide from the amount of hydrocarbon generated . In that case, since an alkyl 

25 alkali metal and water contained in the dehydrated solvent react each other to generate hydrocarbon, the content of 
the OH group in the titanium oxide must be determined by subtracting the generated amount from the measured value. 
[0106] Most preferred process includes a process of suspending a titanium oxide carrier or a titanium oxide carrier 
powder in a dehydrated solvent, adding dropwise methyl lithium in a nitrogen atmosphere, and determining the amount 
of the OH group contained in the titanium oxide from the amount of hydrocarbon generated, and the content of the OH 

30 group in the titanium oxide catalyst which is used in the claims of the present invention is a value obtained by this 

process. . . , , , 

[0107] The measuring procedure includes, for example, the following process. First, a sample is previously dried in 
an air atmosphere at 150*C for 2 hours and then cooled in a desiccator. Thereafter, a predetermined amount of the 
sample is transferred in a flask whose atmosphere was replaced by nitrogen, and then suspended in an organic solvent 
3£ such as dehydrated toluene. The flask is ice-cooled to inhibit heat generation and, after adding dropw.se methyl lithium 
from a dropping funnel, the generated gas is collected and the volume at the measuring temperature is measured. The 
content of the OH group thus determined, which is used in the catalyst, is usually from 0.1 X 10* to 30 X 10* (mol/ 
g-carrier). preferably from 0.2 X 10* to 20 X 10"* (mol/g-carrier). and more preferably from 3.0 X 10* to 15 X 10"* 

(mol/g-carrier). . . 

40 [01 08] The process of adjusting the amount of the OH group contained in the titanium oxide carrier to a predetermined 
amount includes various processes. For example, a calcination temperature and a calcination time of the carrier are 
used for adjusting the OH group of the carrier. The OH group in the titanium oxide carrier is eliminated by heating, and 
the content of the OH group can be controlled by changing the calcination temperature and calcination time. The 
calcination temperature of the carrier is usually from 100 to 1000°C, andpreferably from 150 to 800°C. The calcination 

45 time of the carrier is usually from 30 minutes to 1 2 hours. In this case, it is necessary to pay attention to the point that 
the surface area of the carrier decreases with the increase of the calcination temperature or the calcination time. When 
the titanium oxide is produced from a gas phase, one having small content of the OH group can be produced. Further- 
more, when the titanium oxide is produced from an aqueous phase such as aqueous solution, one having large content 
of the OH group can be produced. Furthermore, a process of treating the OH group of the carrier by using an alkali 

so and a process of reacting the OH group by using 1,1,1-3,3,3-hexamethytdisilazane are exemplified. 

[0109] The present invention relates to a process for producing chlorine by using the above supported ruthenium 
oxide catalyst supported on the carrier. A weight ratio of ruthenium oxide to the carrier is usually within a range from 
0 1/99 9 to 20 0/80 0, prelerably from 0.5/99.5 to 15.0/85.0, and more preferably from 1 .0/99.0 to 1 5.0/85.0. When the 
ratio of ruthenium oxide is too low, the activity is lowered sometimes. On the other hand, when the ratio of ruthenium 

ss oxide is too high, the price of the catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported 
Include ruthenium dioxide, ruthenium hydroxide and the like. 

[0110] The process for preparing the supported ruthenium oxide catalyst by using the above carrier is a process 
comprising the steps of supporting a ruthenium compound on a carrier, treating the supported one by using a reducing 
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compound or a reducing agent in a liquid phase, and oxidizing, and the step of treating with a reducing compound or 
a reducing agent in a liquid phase includes, for example, a process ol treating with a reducing compound or a reducing 
agent in a liquid phase which is conducted in the catalysts (1), (2) and (3) of the present invention, and the process 
described below That is, the process includes a process of suspending one comprising the already described ruthenium 
compound supported on the carrier in an aqueous phase or an organic solvent, and bubbling hydrogen, a process of 
treating by using an organolithium compound such as butyl lithium, or an organosodium compound or an organopo- 
tassium compound in an organic solvent, a process of treating by using an organoaluminum compound such as trialkyl 
aluminum, and a process of treating by using an organomagnesium compound such as Grignard reagent. Furthermore, 
various organom stall ic compounds can be used and examples thereof include alkali metal alkoxide such as sodium 
methoxide; alkali metal naphthalene compound such as sodium naphthalene; azide compound such as sodium azide; 
alkali metal amide compound such as sodium amide; organocalcium compound; organozinc compound; organoalumi- 
num alkoxide such as alkyl aluminum alkoxide; organotin compound; organocopper compound; organoboron com- 
pound; boranes such as borane and diborane; sodium ammonia solution; and carbon monoxide, various organic com- 
poundcan also be used and examples thereof include diazomethane, hydroquinone and oxalic acid. 
[011 11 In a process for producing chlorine by oxidizing hydrogen chloride with oxygen, it is preferable that the catalyst 
(1), (2) or (3) is a supported ruthenium oxide catalyst obtained by using titanium oxide containing not less than 10% 
by weight of rutile titanium oxide as a carrier. . . , 

[011 2] It is more preferable that the catalyst (1 ), (2) or (3) is a supported ruthenium oxide catalyst obtained by using 
titanium oxide containing not less than 30% by weight of rutile titanium oxide as a carrier 

[01131 It is preferable that the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtained by supporting a 
ruthenium compound on a carrier, reducing the supported one by using a reducing hydrogenated compound, and 

[0114] n9 lt is preferable that the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtained by supporting a 
ruthenium compound on a carrier, treating the supported one by using a reducing compound, and oxidizing. 
[01151 It is preferable that the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtamed by supporting a 
ruthenium compound on a carrier, treating the supported one by using an alkali solution of a reducing compound, and 

[ai16] n9 Next catalyst system will be explained bellow. The catalyst system (6) in the present invention is a catalyst 
system containing at least the following component (A) and (B), wherein the content of the component (B) in the catalyst 
system is not less than 10% by weight: 

(A) an active component of catalyst; and 

(B) a compound component wherein thermal conductivity of a solid phase measured by at least one point within 
a range from 200 to 500°C is not less than 4 W/m. p C; 

[01 1 7] The catalyst system in the present invention means any packing solid capable of forming a catalyst bed layer. 
For example the catalyst includes not only particles containing an active component of the catalyst, but also particles 
of an inactive component containing no catalytic active component. The catalyst bed layer includes fixed bed and 

fluidized bed. . , . 4 

[0118] The catalyst in the present invention means a molding and a powder which contain a catalytic active 

component , and doesn't mean an inactive molding and an inactive powder included in a catalyst bed. 

[0119] As the above active component of the catalyst as the component (A) in the present invention, for example, 

copper, chromium, ruthenium, and a compound thereof are known. 

[0120] The content of the component (A) in the catalyst is preferably from 0.1 to 90% by weight, and more preferably 
from 0 2 to 80% by weight. When the content of the component (A) is too small, the activity of the catalyst may be 
lowered. On the other hand, when the content of the component (A) is too large, the cost of the catalyst may become 

[□121] The example of the above active component of catalyst (A) include ruthenium compound. When using a 
ruthenium compound , a catalyst having high activity can be prepared, so the ruthenium compound is preferable. The 
more preferable example include ruthenium oxide. A catalyst having higher activity can be prepared by using ruthenium 

[0122] In the view of the catalyst activity, it is preferable that a component (A) is a component supported on the 
catalyst carrier component or a component (B). For example, in the case of a component (A) is an expens.ve noble 
metal compound such as ruthenium, large effects can be realized in the cost of the catalyst by supporting a component 
(A) on the catalyst carrier component or the component (B) because the catalyst activity increases by supporting a 
small amount of noble metal. 

[0123] More preferable example includes supported ruthenium oxide catalyst on the catalyst carrier component or 
the component (B). 
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[0124] The component (B) in the present invention is a compound wherein thermal conductivity of a solid phase 
measured by at least one point within a range from 200 to 500°C is not less than 4 W/m.*C. 

[01 25] The thermal conductivity of compounds of the solid phase in the present invention means the thermal con- 
ductivity measured in the state of continuum (continuous phase) such as a crystal, an amorphous solid, a glass. For 

5 example in the case of the compound is a crystal, thermal conductivity is measured in the phase of crystal solid. 
[01 26] The thermal conductivity of the solid phase is described, for example, in Latest Oxide Handbook-Physiochem- 
ical Properties-, (published by Moscow Metallurgical Publication, 197B), Thermophysicat PROPERTIES of High Tem- 
perature Solid Metals (Oxides and Their Solutions and Mixtures) (published by The Macmillan Company, 1967). 
[0127] The thermal conductivity of the solid phase is preferably higher. It is necessary not less than 4 W/m. ft C.And 

w it is further preferably not less than 15 W/m.'C. 

[0128] Preferred example of the component (B) includes a -alumina, rutile tin dioxide, rutile titanium oxide, silicon 
nitride and silicon carbide. More preferred one is a-alumina. When an inactive component is added, the activity of the 
catalyst is sometimes lowered. However, by selecting an additive capable of improving the thermal conductivity with 
maintaining the activity of the catalyst, the reaction can be conducted in more industrially advantageous manner. Since 

is the thermal conductibility can be improved with maintaining the activity of the catalyst by adding a-alumina, preferred 
example of the component (B) in view of the activity of the catalyst includes a-alumina. 

[0129] It is necessary the content of the component (B) is not less than 1 0% by weight, and preferably not less than 

20% by weight. . 
[01 30] By using a catalyst containing not less than 1 0% by weight of the compone nt (B), the reaction heat is sufficiently 

20 removed, thereby making it easy to control the reaction temperature. Since the whole catalyst bed can be utilized at 
the temperature capable of oxidizing hydrogen chloride at an industrially sufficient reaction rate, high reaction conver- 
sion can be realized , . 
[0131] The catalyst carrier component in the present invention is as follows. The examples thereof include oxides 
and mixed oxides of elements, such as titanium oxide, alumina, zirconium oxide, silica, titanium mixed oxide, zirconium 

2S mixed oxide, aluminum mixed oxide, silicon mixed oxide and the like. Titanium oxide is the most preferable catalyst 
carrier component among the above example because the catalyst has high catalytic activity by using a ruthenium 
compound as an active component of catalyst (A). 

[0132] When a catalyst carrier component is a compound wherein thermal conductivity of a solid phase measured 
by at least one point with in a range from 200 to 500 °C is not less than 4 W/m.°C. the above catalyst carrier component 

30 is regarded as a component (B). For example, in the case of titanium oxide, there exists rutil crystal titanium oxide, 
anatase crystal titanium oxide, etc. As thermal conductivity of rutil titanium oxide of a solid phase measured at 200 °C 
is 7.5 W/m.°C, rutil titanium oxide is regarded as a component (B). And in the case of alumina, there exists a-alumina. 
y -alumina, etc. As thermal conductivity of a-alumina of a solid phase measured at 200 °C is 23 W/m.»C, a-alumina is 
regarded as a component (B). As rutil titanium oxide, a alumina, etc wherein thermal conductivity of the catalyst carrier 

35 component is not less than 4 W/m.*C at 200 °C in the solid phase, they are regarded as a component (B). However, 
as the thermal conductivity of zirconium oxide of a solid phase measured at 400 *C is 2.05 W/m. a C. zirconium oxide 
is not regarded as a component (B). Therefore the catalyst carrier component includes a part of component (B). On 
the contrary, for example, in the case of silicon nitride, the thermal conductivity of a solid phase measured at 200 a C 
is 24 W/m.°C, so it is regarded as a component (B), but it is not regarded as a catalyst carrier component because 

40 silicon nitride has too small surface area to support an active component of catalyst (A). Therefor, among the component 
(B). the component which can't support an active component (A) is not a catalyst carrier component. As mentioned 
above, the catalyst carrier component include a part of component (B). 

[01 33] The catalyst system in the present invention contains not less than 1 0% by weight of a component (B) because 
the thermal conductibility improve by containing the componennt (B). The catalyst system preferably contains not less 

45 than 20% by weight of a component (B) because the thermal conductibility can be much improved. 

[0134] Examples of the shape of the carrier of the catalyst in the case of supporting the active component of the 
catalyst includes powder, sphere, column, extruded shape and those obtained by spray drying process. In the case of 
the powder, a process of using the powder after molding into sphere, column, extruded shape and the like is generally 
used so as to use the powder industrially. 

so [0135] Next the catalyst system which contains the component (B) in the present invention will be explained. The 
catalyst system comprises two components such as the component (A) and the component (B), or comprises three 
components such as the component (A), the component (B) and the catalyst carrier component. And the catalyst 
system can contain the other component such as an inorganic binder which is used for a molding aid. 
[0136] First embodiment includes a process of using a catalyst made of a molding containing the components (A) 

55 and (B) obtained by integrally molding. For example, the catalyst preparation includes the steps which comprises mixing 
an active component of catalyst (A) with component (B), molding the components by using an inorganic binder, and 
calcining. The resulting catalyst is preferable catalyst being easily charged in a reactor because of integrally molding. 
[0137] The process of using a catalyst made of a molding containing the component (A), the component (B) and 
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SSS ""JESS- -ado of a mowing containing the component (A) supported on a compon-t (B) ^ exemplified 
Tha catalyst preparation method include the steps which comprises supporting a ^P™**™ ™*°^™ n *™ 
whteh have h^h Surface area, wherein a supported one has high catalytte activity . molding the resulted one by using 
TnorgaS binolr and calcining. The resulting catalyst is preferable as the catalyst has h.gh actrv.ty. good thermai 
™«hi irtihiiitv and easilv charges into a reactor because of integrally molding. 

roS r t£'S^«*^ ■ ™ |di "9 ****** a c ° mponent (a) supported on a cata,yst camer co zr aC om 

™™on JtmnsTxemplined The catalyst preparation method includes the steps which compnses supporting a com- 
^^S!SmSa^coa^ having high surface area, mixing the resulted one with component (B), 
Z^lZLT^e VZ, inorganic binder integral*, and calcining. The resulting cata.ys, is more preferab.e as 
the catalvst has high catalytic activity, good thermal conductivity. „,_ t ._, „ = , riar 

01^1 T^eTataL made of a molding containing a component (A) supported on a mature of a catalyst earner 
coniemwiS ^component (B) is exemplified. The catalyst preparation method includes the steps vvh,ch compnses 
S caSlyst carneTcomponent with a component (B), mowing the resulted one by using morgan* b.nder rtegrttf 
cTci^ 

mold roUhe catalyst includes the steps which comprises mixing a component (A) with a component <B) molding he 
SS^nS^rg-* bindeMntegra.ly. calcining. Tha P'^*"*^ 

sleos which comprises molding the component (B) by using inorganic binder integrally, calcining. The resulting catalys 
system tpre^Tas the catalyst system shows good thermal conductibility. The molding contam.ng a component 
( A\ and a component (B) integrally is exemplified in the first embodiment. 

£ T^mXl ndudes a process of using a catalyst system comprising both of a molding conta^ng , a com- 
ponent (A) and catalyst carrier component obtained by integrally molding and a molding containing a ' £> 
obtained by integrally molding. One example of the catalyst system is a mixture of the two moldings The Preparation 
Sd of one mo!dfng of the catalyst includes the steps which comprises supporting a component (A on a catalys 
TrnTr comoonent moving the supported one by using inorganic binder integrally, calcining. The preparation of another 
mZgrdude 6 "heTteTs "union comprises moving a component (B) by using inorganic binder J^^^"* 
The Zthe example of the catalyst system is a mixture of the two moldings . The preparaUon method of one mo ding 
?S^257m£. !he steps" which comprises molding a catafys, carder component by -"^J^ 
Meorallv calcining the molded one. supporting a component on the calcined one. The preparahon method of another 
SS^Xp- which comprises molding a component (B) by using inorganic binder 
two rxampL of me Lalystsystemsarepreferab.eexamp.es 

acuity, and good thermal conductibility. Generally the catalyst system obtained by m,x,ng the sphe e mold ng °' « 
alumina with *• sphere molding which comprises a component (A) , a catalyst earner component Is more preferable 
a«s the catalvst svstem has good thermal conductibility. 

rai43] Xng the above catalysts, a P referab.e one is a catalyst which the component (C) .s a-aium-na. 
0144 /Song the above catalysts, preferab.e one is a catalyst which the component (A) ,s a component containing 

ruthenium More preferable one is a catalyst which the component (A) is ruthenium oxide. 

umenium^ wore p pr9{erab | 8 one is a catalyst which the carrier of the catalyst is titanium oxide. 

0 S STaSyst useo EX P esen. invention is a catalyst capable of producing chlorine by oxidizing hydrogen 
S2e wl oTge'n Preferable catalyst includes, for example, catalyst containing ^'^^Z^l 
the catalvst such as Deacon catalyst; catalyst containing chromium as an active component of the catalyst, such as 
chrom a Sea catalyst; and catalyst containing ruthenium as an active component of the catalyst. More preferabfc 
cata^isa catalyst containing ruthenium. Since ruthenium is expensive, a catalyst con.a.n,ng a supported ruthenium 

catalvst supported on the carrier of the catalyst is a more preferable catalyst. 

[0147] ^supported ruthenium catalyst includes, for example, supported ruthenium ox.decatalyst, supported metal 
ruthenium catalyst, and catalyst obtained by supporting a ruthenium compound hlnh arth/ltv 

0148] As the supported ruthenium catahyst, a supported ruthenium oxide catalyst ,s P'**"^^* 0 ^ 
can be obtained by Tow Ru content. The carrier of the supported ruthenium catalyst includes 

^elements such as titanium oxide, alumina, zirconium oxide, silica, titanium m.xed oxide, ^con,um m« d oxde, 
ISnum mixed o Xid8 . silic on mixed oxide and the like. Preferabie catalys, carrier components are ...anium oxide, 
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alumina, zirconium oxide and silica, and more preferable catalyst carrier component is titanium ox.de. and most pref- 
erablo carrier is titanium oxide having rulile crystalline structure. ... M „ 

[0149] The supported ruthenium oxide catalyst will be explained below. A weight ratio of Jru*«n urn 
Lrie of the catalyst is usually within a range from 0.1/99.9 to 20.0/80.0. preferably from 0.2/998 to 5 0/85.0. and 
s mo e oreferably from 0 5/99 5 to 1 0.0/90.0. When the proportion of the ruthenium oxide is too low. the activity ,s lowered 
^S.^J^ieM«nd. when the proportion of ruthenium oxide is too high, the price of the catalyst becomes 
XJ betimes Examples of the ruthenium oxide to be supported include ruthenium dioxide, ruthenium hydrox.de 

and the like. ... 
[0150] The process of preparing a supported ruthenium oxide will be explained below. 

10 0151 The process of preparing a catalyst Includes various processes, and four kinds of preparat.cn process will be 
shown as an embodiment. A catalyst having high thermal conductivity can be used in the presen Inventtoa and a 
process of increasing the thermal conductibility of the catalyst includes a process for prepanng a catalyst by m« nfl | a 
compound having high thermal conductivity. Examples of the component (B) having high thermal ™^Wnctods» 
various compounds but a process using a-alumlna Is exemplified. The catalyst earner component includes vanous 

is compounds but the embodiment using titanium oxide is exemplified. The catalyst is prepared by supporting a ruthe- 
nium compound on the catalyst carrier component , but the ruthenium compound to be supported vanes depending 
on the preparation process. Now the embodiment using ruthenium chloride is exemplified. 

[0152] The first embodiment of four kinds of the preparation processes is a process which comprises un.lormly mixmg 
a titanium oxide powder with an a-alumina powder, adding a titanium oxide sol, and molding a carrier of a catalyst 
20 The portion of the titanium oxide so! to be mixed is preferably within a range from 3 to 30% by weigh. ,n terms of 
titanium oxide in the titanium oxide sol. based on the weight of the titanium oxide and a-alum.na^-rhe ™'f "9 P"^ 3 * 
includes process of molding into a spherica. shape and a process of extrusion molding. The molded object ,s dried and 
then calcined under air to prepare a carrier of a catalyst. The calcination temperature is preferably within a range f om 
300 to 800'C. At Ihis stage, a carrier having high thermal conductibility can be obtained. Then, an aqueous solution 

25 of ruthenium chloride is supported by impregnation. The amount of ruthenium chloride to be used ^P™*"* " 
preferable ratio of the ruthenium oxide to the carrier of the catalyst. Then, the supported one us dried. A supported 
ruthenium oxide catalyst is prepared by reducing the dried one with a reducing hydrogenated compound such as 
sodium boron hydride, and oxidizing, or prepared by treating the dried one with a reducing compound such as hydraz.ne, 
and oxidizing. The preparation process will be explained in detail hereinafter. 

30 r01S3l The second embodiment of four kinds of the preparation processes is a process wh.ch comprises uniformly 
mixing a titanium oxide powder with an a-alumina powder, and supporting an aqueous ruthenium chlor.de by .mpreg- 
n3 The amount of the ruthenium chloride to be used corresponds to a preferable ratio of the ruthen.um ox.de to 
the carrier of the catalyst. Then, the supported one is dried. The dried one is reduced w,th a reducng hydrogenated 
compound such as sodium boron hydride or treated with a reducing compound such as hydrazine. The P~parat.on 

35 process will be explained in detail hereinafter. Then, a titanium oxide sol is added and a carrier of the catalyst is molded 
The proportion of the titanium oxide sol is the same proportion as that shown in the first embodiment. Then, a catalyst 
is prepared by drying the molded one. calcining under air to oxidize ruthenium, and washing wrth water .n the same 
manner as the process of preparing the supported ruthenium oxide catalyst, which will be expla.ned .n deta.l here.nafter. 
At this stage, a catalyst having good thermal conductibility can be obtained. 

40 [0154] The third embodiment of four kinds of the preparation processes is a process wh.ch comprises supporting an 
aqueous solution of ruthenium chloride on a powder of titanium oxide by impregnation. The amount of the ruthen.um 
chloride to be used corresponds to a preferable ratio of the ruthenium oxide to the carrier of ttie catalyst Then, the 
supported one is dried. The dried one is reduced with a reducing hydrogenated compound such as sodium boron 
hydride or treated with a reducing compound such as hydrazine. The preparation process w.ll be «pk^nd^ 

45 hereinafter. Then, a-alumina is uniformly mixed. Then, a titanium oxide sol is added and a earner of the ca#lte 
molded. The proportion of the titanium oxide sol is the same proportion as that shown in the first embodiment. Then 
a catalyst is prepared by drying the molded one. calcining under air to oxidize ruthenium, and washing with water in 
the same manner as the process of preparing the supported ruthenium oxide ca.aVst. which will be explained m deta.l 
hereinafter. At this stage, a catalyst having good thermal conductibility can be obtained. ellnnortino 

so [0155] The fourth embodiment of four kinds of the preparation processes is a process which comprises supportrng 
an aqueous solution of ruthenium chloride on a powder of titanium oxide by impregnation. The amount ot the ru^en.um 
chloride to be used corresponds to a preferable ratio of the ruthenium oxide lo the earner of the catalyst Then he 
supported one is dried. The dried one is reduced with a reducing hydrogenated compound such as sod.um boron 
hydride and then oxidized to prepare a supported ruthenium oxide calami. Alternatively the dned one s treated I wrtt. 

55 a reducing compound such as hydazine and then oxidized to prepare a 

aration process will be explained in detail hereinafter. Then, a-alumina is un.formly m.xed Then, a t^nium oxide so 
is added and a carrier of the catalyst is molded. The proportion of the titanium oxide sol is the same proportion as that 
shown in the first embodiment. Then, the molded one is dried and then calcined under air. The catenation temperature 
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is preferably within a range from 300 to 600*C. Then, the calcined one is washed with water to prepare a catalyst. At 
thisstaae a catalyst having good thermal conductivity can be obtained. 

0156] 9 The P SSL tor preparing a supported ruthenium oxide ca.a.ys, used In the present invention Inc ludas a 
process lor preparing a supported ruthenium oxide catalyst by supporting a ruthen.um compound on a earner of a 
s catalyst reducing the supported one by using a reducing hydrogenated compound such as sod.um boron hydr.de ; and 
ox Sg or a process ^preparing a supported ruthenium oxide catalyst by treating a *^ 
a reducing compound such as hydrazine, and oxidizing, for example, processes for prepanng the catalysts (1), (2) and 

SlSTSnS! ESSLrt of the process for preparing a supported ruthenium oxide catalyst used in the present 
«, Son includes e process for preparing a supported ruthenium oxide catalyst by reducing a ruthen.um compound 
supported on a carrier of a catalyst by using a reducing hydrogenated compound and ™ mnou „ ds as 

[0158] The ruthenium compound to be supported on the carrier of the catalyst includes the same compounds as 

those listed with respect to the catalysts <1 ), (2) and (3) of the present invention. 

roi59] The reducing hydrogenated compound used for reducing the ruthen.um compound supported on he carrier 
,5 of the catajs includes the same compounds as those listed with respect to the catalyst (3) of the 9^«™*™ 
TO160] The second embodiment of the process for preparing a supported ruthenium oxde catalyst used .n ^present 
Invention includes a process for preparing a supported ruthenium oxide catalyst by reduc.ng a ruthen.um compound 

supported on a carrier of a catalyst by using a reducing compound, and ox.d.z.ng. 

rai61] The ruthenium compound to be supported on the carrier of the catafyst .ncludes the same compounds as 
20 those listed with respect to the catalysts (1 ). (2) and (3) of the present Invention. 

[01 621 The reducing compound used for treating the ruthenium compound supported on the earner ol the catalyst 
ncludes the same compounds as those listed with respect to the catalysts (1) and (2) of the V^?™*^^ 
[0163] The process for preparing a supported metal ruthenium catalyst will be expla.ned below. The hrsl embod.ment 
of the process for preparing tt.e supported ruthenium oxide catalyst was mentioned after the four embod.ment of the 
25 process for preparing the catalyst having good thermal conductivity. . lnktalM1 , 
rami The supported metal ruthenium catalyst includes, for example, supported metal ruthen.um catalyst obtained 
Ly supporting a ruthenium compound shown in the first embodiment of the process for prepanng the supported ru he- 
nium oxide on the above-described carrier in the same manner, and reducing the supported one to form metal nrthenium 
I S a reducing agent, for example, a reducing hydrogenated compound such as sodium boron hydrate . show nn 
the fL embodiment of the process for preparing the supported ruthenium oxide catalyst, and supported metal nrthe- 
nium catalyst obtained by supporting ruthenium chloride on the above-described earner, form.ng a ruthen.um hydroxide 
on the carrier byalkafi hydrolysis, and reducing the ruthenium hydroxide by using hydrogen, but a 
able Ru catalyst may also be used. A ratio of the metal ruthenium to the carrier in the metal ruthen.um supported on 

is^ small, the activity of the catalyst is lowered. On the other hand, when the amount of the metal ruthen.um ox.de 
Is too large, the price of the catalyst becomes high. .... ■ • j 

[0165] The process for preparing a catalyst comprising a supported ruthenium compound wril be explained. 
[0166] The catalyst comprising a supported ruthenium compound includes the same compounds as those exempli- 
fied in Ihe catalysts (1). (2) and (3) of the present invention. 

[016^ Tht supporting process includes impregnation process, ion exchange process, precipitin support,ng proc- 
ess, coprecipitaiion process and mixing process. Among them, impregnation process and ion exchange process are 

?0168 r r d The impregnation process includes, for example, a preparation process of suspending a carrier in <r solution 
prepared by dissolving a ruthenium compound, evaporating a solvent, and drying. The solvent .ncludes wate, methanol 

4S [O^rien'r dSg temperature of the supported catalyst Is too high, volatilization of the '^emum compound 
Lursand,,hereforeMhedrying W 

from about 60 to 400'C under nitrogen . Under air, the rising temperature .s generally a at which the 

ruthenium compound is not decomposed by oxidation with oxygen. The drying time is preferably from about 30 m.nutes 

SlTO] "Tn a catalyst using a catalyst containing a molding obtained by integrally molding (A) an active component of 
ca alyst and a catalyst earner component, and (B) a compound wherein thermal conductivity of a solid phase measured 
Ty at least one point within a range from 200 to 500'C is not less than 4 W/m -C. .he inventor . have succeeded .n 
preparation of a catalyst having almost the same activity of the catalyst prepared from the component (A and a cate yst 
55 carrier component as a catalyst which is obtained by Integrally molding three components, a component (A), a catalyst 
carrier component and a component (B). .. , ... __-,_„ .ho 

r0171l It Is an object of Ihe present invention to obtain chlorine by oxidizing hydrogen chlonde w.th oxygen us.ng the 
above catalyst system. When hydrogen chloride is oxidized with oxygen using the above catalyst, a remov.ng rate of 
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heat Generated during the reaction increases and. therefore, control of the reaction temperature becomes easier and 
desirable reaction rate. The reaction system .or producing chlorine includes, for example, a 

bed or fluidized bed. and a gas phase reaction such as fixed bed flow system and gas phase flu.dized bed flow system 

s can be preferably used. The fixed bed system has an advantage that separation between the reaction gas and catalyst 
s no Z red and high conversion can be accomplished, .n the case o, the fixed bed reactor a reaction tube is packed 
with catalyst particles and. in the case of the exothermic reaction, the reaction tube is cooled from the outsrie. In such 
a packed * d' Ice effective thermal conductivity of the partide bed is generally smal.er than mat oT . ' ^ -atena 
and that of a fluid outside the tube and heat transfer resistance in the particle bed is generally larger than that of a tube 

10 mateSa and ha, of a fluid outside the tube, the whole heat transfer rate can be markedly improved by increasing 
SI ttwmal conductivity In the particle bed. The term "effective thermal conductivity of the particle bed" used 
heretmeanra heat transfe? rate per unit sectiona. area o, me particle bed in a certain ^ion per un .eng* i and 
per unit degree of difference which is 1 'C temperature . According to 'Thermal Un,t operation Vol. 1 (1976 page 
?36~146 Maruzen Co.. Ltd. ). it is known that effective thermal conductivity of the part,cle bed depends on effective 

rs hTrmal conductivity of particles to be packed and therma. conductivity of a fluid material exist ,ng ,n the ube and 
depends on a fluid velocity when the fluid transfers. Among them, effective thermal conduct P an,c [°l sl '™M 
depends on the thermal conductivity of the solid of the component (compound) constituting the particles and, therefore 
effects thermal conductivity ol the particles and effective thermal conductivity of the particle bed are ,nc eased by 
using the component having large thermal conductivity, and contribute to an improvement .n removine I rale i of heat 

20 generated in the reactor in the exothermic reaction such as oxidation reaction of hydrogen ch londe ^As described 
above the effect ol the present invention is particularly large when the fixed bed system ,s adopted . The flud.zed bed 
system has an advantage ^a. heat transfer in the reactor is large and the temperature distribute width in the reactor 
can be minimized . The temperature distribution width can be further minimized by using the catalyst accordmg to the 

zs [0172]' "bv using the catalyst which has good thermal conductivity (heat transfer) and is capable of easily removing 
heat he above effect can be obtained without increasing the heal transfer area per unit volume in the reactor. For 
example, comparing a multitube reactors having the same reaction volumes, when the heat transfer area is increased 
by decreasing me diameter of the tube, the number of required tubes and amount of thai n^«£n* «^».* 
and the price of the reactor becomes high. However, when using the catalyst which has good thermal conduct : b,h y 

30 (heat transfer) and is capable of easily remove heat, control of the reaction temperature can be made easier without 
increasing the heat transfer area of the reactor and the reactor with cheap price can be used. 

Therefore, it is industrially advantageous. .„ „„, _ . 

r0173] The supported ruthenium oxide catalyst containing macropores having a pore diameter of 0.03 to 8 micrometer 
used in the catalyst (7) of the present invention is a catalyst containing a supported ruthenium oxide catalyst comprising 

35 ruthenium oxide supported on a carrier. In general, it is industrially used in the form of being supported on the earner. 
TO174] The carrier includes oxides and mixed oxides of elements, such as titanium oxide, alum.na. zirconium oxide, 
silica, titanium mixed oxide, zirconium mixed oxide, aluminum mixed oxide, silicon mixed oxide and the l.ke^ Preferable 
carriers are titanium oxide, alumina, zirconium oxide and silica, and more preferable earner is titanium ox.de. A weight 
ratio of ruthenium oxide to the carrier is usually within a range from 0.1/99.9 to 20.0/80.0. preferably from 0.5 99.5 to 

40 1 5 0/85 0. and more preferably from 1 .0/99.0 to 15.0/85.0. When the proportion of the ruthenium oxide is too low he 
activity is lowered sometimes. On the other hand, when the proportion of ruthenium oxide is too high, the price .of the 
catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported include ruthenium dioxide, ru- 
thenium hydroxide and the like. . .,„„.„, „, 
[017S1 The embodiment of the process for preparing the calalyst containing macropores having a pore diameter of 

45 o 03 to 8 micrometer will be described below. The catalyst is prepared by mixing a earner powder of titanium oxide 
with an organic material for forming pores or an inorganic material tor forming pores First, the case using the organic 
material for forming pores will be illustrated . The organic material for forming pores includes celluloses such as crys- 
talline cellulose, fibrous cellulose, filter paper and pulp. Fibrous celluloses such as filter paper and pulp are preferred. 
After adding water to a carrier powder of titanium oxide and kneading, the organic material for forming pores such as 

so cellulose is added and the mixture is sufficiently kneaded. Then, binders such as Mania sol, silica ^sol and a lum.na sol 
may also be added or not. Binders are preferably added. Among sols, titania sol is preferred. After the sol is added 
and kneading, the kneaded one is extruded and molded into one having a suitable size using a molding machine, ^udh 
as a extruder After the molded one is dried, the dried one is calcined to remove the organic material for form ng pores 
such as cellulose. The calcination temperature is preferably from 400 to700-C. and more pre! erably from 500 ^06 100 a 

ss By calcining the carrier under air, the organic material for forming pores can be removed by burning the eby tc .form 
pores having a pore diameter of 0.03 to 8 micrometer in the carrier. A weight ratio of the o rgamc ma terial fo r f orm.ng 
pores such as cellulose to the earner powder is usually from 1/99 to 40/60. and preferably from 5/95 » 0/7 ^ ^ 
ratio of titania. silica and alumina contained in titania sol. silica sol and alumina sol to the carrier powder is usually from 
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5/95 to 40/60, and preferably from 10/90 to 30/70. 

[0176] Then, the case using the inorganic material for forming pores will be illustrated . The inorganic material for 
forming pores Includes alkali metal salts such as sodium chloride and potassium chloride; alkali metal sulfates such 
as sodium suifate and potassium sulfate; and high-melting point inorganic salts such as potassium nitrate. Chlorides 

5 of alkaii metals are preferred, and potassium chloride and sodium chloride are more preferred. After adding water to 
a carrier powder such as titanium oxide and kneading, an aqueous solution of the inorganic material for forming pores 
such as potassium chloride is added and the mixture is sufficiently kneaded. Then, binders such as titania sol, silica 
sol and alumina sol may also be added. Binders are preferably added. Among sols, titania sol is preferred. After the 
sol is added and kneading, the kneaded one is extruded and molded into one having a suitable size using a molding 

10 machine, for example a extruder. The molded one is dried. After drying, the dried one is sintered by calcining. The 
calcination atmosphere includes air and nitrogen, and air Is preferred. The calcination temperature is preferably from 
400 to 700°C, and more preferably from 500 to 600°C. After cooling to room temperature, the inorganic salt contained 
in the carrier can be removed by sufficiently washing the carrier with water. The process of confirming that potassium 
chloride and sodium chloride could be removed includes a process of examining the presence/absence of white turbidity 

T5 using an aqueous silver nitrate solution. By drying the carrier after washing with water, micropores having a diameter 
of 0.01 to 0.4 micrometer can be formed in the carrier. A weight ratio of the inorganic material for forming pores such 
as inorganic salt to the carrier powder is usually from 5/95 to 40/60, and preferably from 5/95 to 30/70. A weight ratio 
of titania, silica and alumina contained in titania sol, silica sol and alumina sol to the carrier powder is usually from 5/95 
to 40/60, and preferably from 5/95 to 30/70. The carrier having micropores can be prepared in the above manner. 

20 [0177] Among the above-mentioned organic material lor forming pores and inorganic material for forming pores , 
organic material for forming pores is preferable. 

[0178] The embodiment of the process for preparing the supported ruthenium oxide catalyst is as follows. The prep- 
aration of the supported ruthenium oxide catalyst containing macropores having a pore diameter of 0.03 to 8 micrometer 
is conducted in the same manner as that in process for preparing the catalyst, which is conducted in the catalysts (1 ), 
2S (2) and (3) of the present invention using a carrier prepared in the preparation examples of the already described carrier 
containing micropores. 

[0179] The catalyst (7) of the present invention is characterized by using a supported ruthenium oxide catalyst con- 
taining macropores having a pore diameter of 0.03 to 8 micrometer, and the pore diameter distribution of macropores 
can be measured by a mercury porosimeter . The exist of many pores is preferable. The pore diameter of macropores, 

30 which can be formed by the process described above, is usually from 0.03 to 8 micrometer, and more preferably from 
0.03 to 6 micrometer. The larger pore volume of macropores is preferable. The supported ruthenium oxide catalyst 
containing macropores is preferably a catalyst wherein a ratio of an accumulated pore volume of 0.03-6 micrometer 
to an accumulated pore volume of 30-200 angstroms is not less than 0.2/1.0, and preferably not less than 0.29/1.0. 
Since the pore diameter of the carrier does not change largely by supporting of the ruthenium compound, the pore 

35 diameter of the catalyst can be determined by measuring the pore diameter of the carrier. 

[0180] As the catalyst (8) of the present invention, an outer surface -supported catalyst obtained by supporting ru- 
thenium oxide on a carrier at the outer surface can also be used. The supported ruthenium oxide catalyst used in the 
present invention is a catalyst wherein the same content as that of ruthenium oxide described in the item of the sup- 
ported ruthenium oxide containing macropores is used and the same carrier is preferably used, that is, a supported 

40 ruthenium oxide catalyst obtained by supporting ruthenium oxide on a carrier In general, it is industrially used in the 
form of being supported on the carrier. 

[0181] The carrier includes oxides and mixed oxides of elements, such as titanium oxide, alumina, zirconium oxide, 
silica, titanium mixed oxide, zirconium mixed oxide, aluminum mixed oxide, silicon mixed oxide and the like. Preferable 
carriers are titanium oxide, alumina, zirconium oxide and silica, and more preferable carrier is titanium oxide. A weight 

45 ratio of ruthenium oxide to the carrier is usually within a range from 0.1/99.9 to 20.0/80.0, preferably from 0.5/99.5 to 
1 5.0/85.0, and more preferably from 1 .0/99.0 to 1 5.0/85.0. When the proportion of the ruthenium oxide is too low, the 
activity is'lowered sometimes. On the other hand, when the proportion of ruthenium oxide is too high, the price of the 
catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported include ruthenium dioxide, ru- 
thenium hydroxide and the like. 

so [0182] The process of supporting ruthenium oxide on a carrier at the outer surface includes various processes. For 
example, when a y-alumina carrier is impregnated with ruthenium chloride, it is supported at the outer surface and, 
therefore, it is comparatively easy to prepare a catalyst wherein ruthenium oxide is supported at the outer surface. 
However, when a carrier such as titanium oxide is impregnated with ruthenium chloride, it penetrates into the inside 
of the carrier and, therefore, it is not easy to support the carrier at the outer surface. Therefore, as the process of 

55 supporting ruthenium oxide on a carrier at the outer surface, various processes have been suggested. For example, 
a process of supporting ruthenium chloride on a carrier by spraying is illustrated . As the process of supporting ruthenium 
oxide on a carrier of titanium oxide at the outer surface, any known process may be used. The present inventors have 
found that ruthenium chloride can be satisfactorily supported on a carrier at the outer surface by using an alkali pre- 
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liminary impregnation process described below. The procedure will be explained by way of the preparation example 
That is first, a carrier of titanium oxide having a suitable particle diameter is impregnated with an aqueous solution of 
an alkali metal hydroxide such as potassium hydroxide and a solution of alkali such as ammonium carbonate and 
ammonium hydrogencarbonale. In this case, a thickness of a layer of ruthenium chloride at the surface to be supported 
on the carrier is determined by changing the kind of the alkali, concentration of the alkali, amount of ruthenium chloride 
to be supported, and time from impregnation with ruthenium chloride to drying. For example, when using potassium 
hydroxide a thickness of a layerto be impregnated with ruthenium chloride can be changed by changing the concen- 
tration of the aqueous solution of potassium hydroxide within a range from 0.1 N to 2.0 N. Then, the carrier is impreg- 
nated with an aqueous solution of an alkali, and the carrier is dried. Then, the carrier is impregnated with a solution of 
ruthenium chloride and the carrier is dried. As the solution, an aqueous solution, a solution of an organic solvent such 
as alcohol, or a mixed solution of water and an organic solvent is used, and a solution of an organic solvent such as 
ethanol is preferred. Then, the carrier impregnated with ruthenium chloride is dried and hydrolyzed by using an alkal. 
to form ruthenium hydroxide, which is converted into ruthenium oxide. Alternatively, the supported ruthenium chloride 
is reduced to form metal ruthenium, which is oxidized to form ruthenium oxide. The process forpreparing the supported 
is ruthenium oxide catalyst includes the following process. 

[01831 That is. the process of supporting ruthenium chloride on a carrier at the outer surface was described above, 
the embodiment of the preparation process of converting one supporting ruthenium chloride into a supported ruthenium 
oxide catalyst is described as follows. By using the already described one obtained by supporting ruthenium chlor.de 
on a carrier at the outer surface, the process is conducted in the same manner as that in the process for preparing a 
20 catalyst conducted in the catalysts (1), (2) and (3) ol the present invention. 

[0184] The catalyst comprising ruthenium oxide supported on a carrier at the outer surface can be prepared in the 

above manner. ... ,.-___« >\,„r. 

[01851 The alkali used in the step of preliminarily impregnating the carrier with an aqueous solution of an alkali 
preferably includes potassium hydroxide, sodium hydroxide, ammonium carbonate and ammonium hydrogencar- 

25 bonate. The concentration of the alkali impregnated in the carrier is usually from 0.01 to 4.0 N, and preferably from 0 1 
to 3 0 N When the time from impregnation of ruthenium chloride on the carrier, which is impregnated preliminarily with 
the alkali to drying is long, the inside of the carrier is also impregnated with ruthenium chloride and. therefore, a suitable 
time must be selected according to the kind and concentration ol the alkali to be used. Usually, the catalyst is dned 
immediately after impregnation, or dried until 120 minutes after impregnation . Preferably, the catalyst is dried imme- 

30 diatety after impregnation, or dried until 30 minutes alter impregnation . 

[0186] The catalyst ol the present invention is an outer surface-supported catalyst obtained by supporting ruthenium 
oxide on a carrier at the outer surface, and the thickness of the layer for supporting ruthenium oxide is preferably less 
than 70% of a length from the surface of the carrier as a base point to Ihe center of the carrier particles, and more 
preferably less than 60% of a length from the surface of the carrier as a base point to the center ol the earner particle. 

ss The process ol measuring the thickness of the layer for supporting ruthenium oxide includes a process of cutting along 
the plane passing through the center of the particles ol the supported ruthenium oxide catalyst and measuring by us.ng 
a magnifying glass having graduation . and a process of cutting in the same manner and measuring by us.ng X-ray 
microanalyser (EPMA). Since the ruthenium component is fixed to the carrier by impregnating the carrier with ruthenium 
chloride and drying, the ruthenium component does not transfer largely in the step of preparing the catalyst. Therefore. 

40 the thickness of the ruthenium oxide layer is determined by measuring the thickness of Ihe layer supporting ruthenium 
chloride at the stage where the catalyst is impregnated and dried. 

[0187] As described above, it is also prelerable that a process uses a catalyst obtained by supporting ruthenium 
oxide on a carrier containing macropores at the outer surface, wherein said process combines to use a process tor 
producing chlorine using a supported ruthenium oxide catalyst containing macropores having a pore diameter of 0 03 
4S to 8 micrometer as the catalyst (7) with a process for producing chlorine using an outer surface*upported catalyst 
obtained by supporting ruthenium oxide on a carrier as the catalyst (8) at the outer surface. 

[0188] The supported ruthenium catalyst using chromium oxide in the carrier used In the catalyst (9) of the present 
invention is a catalyst obtained by supporting ruthenium on a chromium oxide carrier. 

[0189] Ruthenium to be supported include ruthenium oxide, ruthenium chloride and metal ruthenium. A catalyst 
so obtained by calcining the solid , which is obtained by supporting ruthenium chloride or metal ruthenium on a earner, 
can also be used. Preferable catalyst includes ruthenium oxide catalyst supported on chronwum ox.de, ruthenium 
chloride catalyst supported on chromium oxide, a catalyst obtained by calcining ruthenium chloride catalyst supported 
on chromium oxide, melal ruthenium catalyst supported on chromium oxide, and catalyst obtained by calcimng meta 
rulhenium oxide catalyst supported on chromium oxide. More preferable catalyst includes ruthenium ox.de catalyst 
ss supported on chromium oxide, and a catalyst obtained by calcining ruthenium chloride catalyst supported on chromium 
oxide. More preferable catalyst includes ruthenium oxide catalyst supported on chromium ox.de obtained by catein.ng 
ruthenium hydroxide catalyst supported on chromium oxide, and a catalyst obtained by calcining ruthenium chlonde 
catalyst supported on chromium oxide. 
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r01901 The process of supporting ruthenium includes impregnation process, ion exchange process and precipe »n 
support^ process. Among them, impregnation process and precipitation supporting P^V^T^ 
ratto of ruthenium to the carrier is preferably within a range from 0.1/99.9 to 20/BO. and preferably from to 
S90 When the amount of ruthenium is too small, the activity is lowered sometimes. On the other hand, when the 
c Qmnltnt nf ruthenium is too lame, the price of the catalyst becomes high sometimes. 

5£? 1£%^£2*9 the'catalyst obtained by supporting ruthenium cn the carrier he udes ^ process ,« 
heatina to 200 500-C in a gas containing oxygen. The gas containing oxygen includes air anc air dHuted w th , nrtrogea 
P Srabte^ha«on temperature is from 280 to 500-C. and more preferably from 300 to 450'C. The calcination time 

„ ^TZ1^°JS^n the ruthenium compound may aiso be added. ^^SSS^ 
eludes fo example palladium compound, copper compound, chromium compound, vanadium compound, mckel com 
lund ST^C^nd. rare'earth compound, manganese compound and alkali earth compound The amount 
oHhelhtd component to be added is preferably form 0.1 to 10% by weight In terms of a proportion to the earner 
mm ^ TheThromll oxide carrier means chromium oxide alone, or a mbdure of chromium oxide and an ox.de of 

,5 Kent or ehrSm mixed oxide. The oxide of the element to be mixed with chromium oxide includes 

sS lm na zeolite, diatomaeeous earth . titanium oxide and zirconium oxide. The chromium m,xed ox.de includes 
enrorn!a-r c a chrorn ia-aiumina. chromia-titania and chromia-zirconia. A weight ratio of the addles t° 'hrom.urn 
oSs uSiy wZ a range from 0/100 to 50/50, and preferably from 0/100 to 30/70 . The . property ^hrom.um 
Stained in the chromium mbced oxide is usually not less than 10% by weight, and preferably not less than 50 A by 

20 lS Preferable chromium oxide carrier includes chromium oxide and chromia-titania. More preferable chromium 

carrie may be a commercial available one, and may also be prepared by using a chromium compound. 
2S TO » The process for preparing the catalyst includes various processes. For example, the process for prepanng 
KISalyst obtoed by ealeining the ruthenium chloride supported on chromium oxide includes the following iprepa- 
raUo ^orc^ess That is there can be used a process ol dissolving ruthenium chloride such as commercially avertable 
S3mchTo^ 

m $£rV?£!^«** ruthenium chloride is dissolved includes water, hydrochloric acid, and an , 

such as methanol, and water or hydrochloric acid is preferred. The amount of ruthenium chlor.de to be impregnated 
rllTSir^ to 20% by weigh,, and preferab* Irom 0.5 to 10% by ^J^^^^X^ 
tamoerature is usually from 50 to 100°C. The calcination temperature is usually from 200 to 600 C, preferawy trom 
5oEX?C and more pTeferably from 300 to 450'C. The calcination atmosphere inc.udes gas contain^ oxygen 

3S and nitrogen, preferabiy gas containing oxygen. Preferable examples of the gas conta.n,ng oxygen mclude a.r. The 

oreoaLiorD^ocess that is a prrcess of suspending a chromium oxide carrier in a solution obta.ned by d«solv.ng 
^n^^J^^J^^'^n^^ avaikble ruthenium chloride hydrate (RuCbnHp) in a solvent. add.ng an 
40 ^ruthenfum chtoride to form ruthenium hydroxide resulting in supporting it on the earner by prec.p, 

S5S and Sg the supported one to obtain a ruthenium oxide catalyst supported on chrom.um oxide. The soh/en 
!n wh^ruZnium chloride's dissolved includes water, aqueous hydrochloric acid solution, and an organ.c solvent 
.such as methanol and water or an aqueous hydrochloric acid solution is preferred. 

SST ^he aSi includes aqueous'solution of hydroxide of alkali metal, ammonia carbonate of alkali metal, and 
4S carbonate of ammonia, and an aqueous solution of hydroxide of an alkali metal is preferred. 

Preble process o, oxidizing supported ruthenium hydroxide inc.udes a ^J^^f^ 
ro201 The calcination temperature is preferably trom 280 to SOO'C. and more preferably from 300 to 450 C. The 
^l^ j:ST:l<L^ in .wo^ageJwhen .he calcination is conducted in two stages, the firs, stage « 
Jlrably conducted at low temperature ranging trom 1 50 to 300'C. The calcination time .s usually from 30 m.nu.es 

50 ^o^e amount of ru^ 

55 ^r'^isTeferable examples thereof include a process of impregnating a 

Loueous ruthenium chloride solution, adding an alkali, hydrolyzing ruthenium chlor.de to depos. tru hen.um hydroxide 
^^SaT^^lcinlng it under air. The alkali includes aqueous solution of hydroxide of alkali ™^ «™™* 
Srbonafe of alkali metal, and carbonate of ammonia, and an aqueous solution of hydroxide of an alkali metal Is pre- 
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ferred Preferable examples of the calcination conditions Include the above conditions. 

[0205] As described above, preferable examples of the ruthenium oxide catalyst supported on chrom.um oxide in- 
clude catalyst obtained by supporting ruthenium hydroxide on a carrier and calcining the supported one under air. 
[0206] It can be confirmed by X-ray analysis and analysis by XPS (X-ray photoelectron spectroscopy) that the ru- 
thenium compound was converted into ruthenium oxide. ooo . . 

r0207] The process for preparing metal ruthenium catalyst supported on chrom.um ox«de includes a process of kn- 
pregnating a chromium oxide carrier with an aqueous ruthenium chloride solution, and reducing by us.ng a reducing 
agent such as hydrogen, and preferable examples thereof include a process of impregnating a chrom.um ox.de carrier 
wfth a solution obtained by dissolving commercially available ruthenium chloride hydrate (RuCWnH^O) In a solvent, 
drying the impregnated one. and reducing by calcining In a gas containing hydrogen or reducing by using a reducing 
aaent such as sodium boron hydride or hydrazine. 

raaosi The process for preparing a catalyst obtained by calcining a metal ruthenium catalyst supported on chrom.um 
oxide includes the following preparation process. That is, preferable examples thereof include a process of calcining 
the above-mentioned metal ruthenium cataVst supported on chromium oxide In a gas obtaining oxygen Th« calci- 
nation temperature is preferably from 280 to 500'C. and more preferably from 300 to 450-C. The calcination time is 

usually from 30 minutes to fO hours. 

r0209] It is an object of the present invention to obtain chlorine by oxidizing hydrogen chlor.de w.th oxygen using the 
above catalyst. The reaction system used to obtain chlorine includes, lor example, a flow system such as fixed bed or 
fluidized bed, and a gas phase reaction such as fixed bed flow system and gas phase fluidized bed flow system can 
be preferably used. The fixed bed system has an advantage that separation between the reaction gas and catalyst is 
not required and that high conversion can be accomplished because a raw gas can be sufficiently contacted with a 
catalyst. The fluidized bed system has an advantage that heat in the reactor can be sufficienfly removed and temper- 
ature distribution width in the reactor can be minimized . 
[0210] When the reaction temperature is high, 

volatilization of ruthenium oxide in a highly oxidized stale occurs. Therefore, the reaction is preferably conducted at 
low temperature and the reaction temperature is usually from 100 to 500'C, preferably from 200 to 400 C. more pref- 
erably from 200 to 380'C. The reaction pressure is usually from about atmospheric pressure to 50 atm. As the raw 
material of oxygen, an air may be used as it is, or pure oxygen may also be used. Since other components are also 
discharged simultaneously when an inert nitrogen gas is discharged out of the plant , pure oxygen containing no mart 
qas is preferable. The theoretic molar amount of oxygen based on hydrogen chloride is 1/4 mol. but oxygen is usually 
fed in an amount that is 0.1-10 times of the theoretical amount. In the case of the fixed bed gas phase flow system, 
the amount of the catalyst to be used is usually from about 10 to 20000 h"i in terms of a ratio (GHSV) to a feed rate 
of hydrogen chloride as the raw material under atmospheric pressure. GHSV meats gas hourly space velocity which 
is a ratio of a volume of feed hydrogen chloride gas (l/h) to volume of catalyst (1). „. . 

[0211] The present invention which relates to a process for producing a supported ruthenium ox.de catalyst will be 

described below. ... _ , 

[0212] The supported ruthenium oxide catalyst produced in the catalyst (1 ) of the present .nvent.on is a supported 
ruthenium oxide catalyst prepared in a ruthenium compound supporting step, an alkali treating step, a reducing com- 
pound treating step and an oxidizing step, more preferably a supported ruthenium oxide catalyst prepared In a ruthe- 
nium halide supporting step, an alkali treating step, a reducing compound treating step and an oxid.zmg step and st.ll 
more preferably a supported ruthenium oxide catalyst prepared in a ruthenium halide supporting step, an alkali treating 
step a reducing compound treatment step, an alkali metal chloride adding step and an oxidizing step. 
T021 31 The supported ruthenium oxide catalyst produced in the catalyst (2) of the present invention is a supported 
ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium compound on a carrier, treating 
the supported one by using a reducing agent to form ruthenium having an oxidation number of 1 to less than 4 valence. 

and oxidizing the resulted one. . 

[021 4] The process for preparing the supported ruthenium oxide catalyst includes various processes. For example, 
a process for preparing a catalyst comprising ruthenium oxide having an oxidation number of 4 valence supported on 
a carrier can be prepared by supporting ruthenium chloride on a carrier, hydrolyzing the supported one by using an 
alkali, and calcining under air. Alternatively, a process for preparing a catalyst comprising supported ruthenium ox.de 
having an oxidation number of 4 valence can also be prepared by supporting ruthenium chloride on a carrier, reducing 
the supported one by using various reducing agents to form ruthenium having a valence of 0, and calcining under ait 
It is also possible to exemplify a preparation example of a supported ruthenium oxide catalyst comprising supported 
ruthenium oxide having an oxidation number of 4. which is prepared by supporting ruthenium chloride on a carrier, 
treating the supported one by using a mixed solution of various reducing compounds and basic compounds, or treating 
by using an aqueous alkali solution of a reducing compound, or treating by using various reducing agents thereby to 
form a ruthenium compound having an oxidation number of 1 to less than 4 valence, and calcining under air The 
catalyst prepared by this preparation process can be exemplified as a preparation example which is most active to the 
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oxidizing reaction of hydrogen chloride. The process of adjusting the oxidation number of the ruthenUur • impound 

suDDOrted on the carrier within a range from 1 to less than 4 valence includes various processes, or example, process 

of treaSng by using a mixed soiu.ion'of a reducing compound and a basic compound, process 

a ten solution of a reducing compound, process of treating by using an organolithium compound, an organosod.um 

cSo"nSa organopoLsium compound, process o. treating by using an organoaluminum 

Seating by using an organomagnesium compound, and process of treating by using hydrogen. VVhe" u*ng these 

reducing agents in an excess amount, the ruthenium compound is reduced to the valence of 0 and. therefore, it is 

rST^e^ 

example, since nitrogen is mainly generated when using hydrazine as the reducing agent, the valence number of 
ruthenium can be determined by the amount of nitrogen generated. 
[0216] The reaction scheme will be shown below. 



4RuCI 3 + 3N 2 H 4 + 120H" -> 4Ru° + 12CI' + 12H a O + 3N 2 



(D 
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4RuCI 3 + 3N 2 H 4 -» 4Ru° + 12CI" + 12H + + 3N a 



r0217l For example, when the ruthenium compound is reduced by using hydrazine under the conditions of an aque- 
Ss ialUo^ a hydroxide of ruthenium is formed. Therefore, the oxidation number of ruthen.um can also be 
Z^^S^^ a ratio of ruthenium to oxygen and chlorine bound to ruthenium due to e.emental analyse 

" fSTT^^ZtZ*, the oxidation number o, ruthenium was determined from the amount o, nitrogen 
generated by using the scheme (1). 

[0219] The common part with the processes (1) and (2) for producing the catalyst w.ll be explained. 
0220 The carrier includes, for example, oxides and mixed oxides of elements, such as titamum ox.de ^alumina 
*> ionium oxide, silica, titanium mixed oxide, zirconium mixed oxide, aluminum mixed oxide, s.l.con mixed ox«te and 
fhTke Preferabte carriers are titanium oxide, alumina, zirconium oxide and si.ica. and more preferable earner « 

ST "lSfruthenium compound to be supported on the carrier include compounds, for example, ruthenium chloride 
such as RuCUand RuCU hydrate; chlororulhenate such as K 3 RuCI,, [RuCy* and K 2 RuCI 6 ; chlororuthenate hydrate 
sucl [RuC. 2 (H 2 0) 4 r; salt of ruthenic acid, such as K 2 Ru0 4 ; rutheniumoxy chlonde such as 

Su5a 6 ; ^rutheniumoxy chloride, such as K^OCU and Cs 2 Ru 2 OC 4 ; ruthenium-ammine complex such as 
rRnfNH 12* IRufNH^l^l 3 * and [Ru{NH,) s H 2 Op+; chloride and bromide of ruthen.um-ammme complex, such as [Ru 
Kscr. iES^^H^^UNHdJBra: bromide such as RuBr 

other ruthenium-org^noamine complex; ruthenium-acetylacetonato complex; ruthen.um^onyl complex such as Ru 
(00^ ^3(01),,; ruthenium organic acid sal. such as [RuaOpCOCH^tH^yOC^Ha hydra e , an R s 
RCTO) 4 CI(R: a kyl group having carbon atoms of 1 -3); ruthenium-nitrosyl comptex such as K ? lRuC. 6 NO»]. WNH J, 
NO)]C. 3 [Ru(OhT(NH 3 ) 4 (NO)] (N0 3 ) 2 and Ru(NO)(N0 3 )3; and ruthenium-phosphine complex. ™° f *™'«£™™ 
impounds are ruthenium hatide compounds, for example, ruthenium chloride such as R11CI3 and RuC., » ^te and 
ruthenium bromide such as RuBr 3 and RuBr 3 hydrate. Preferable ruthenium halide includes ruthen.um chlonde such 
Z ! RuCI 3 and RuC. 3 hydrate and'ruthenium 'bromide such as RuBr 3 and RuBr 3 hydrate. More preferred one ,s a ru- 

lo222] m Th^roc^o! supporting the ruthenium compound on the carrier inc.udes. for example, impregnation process 

SalSll metal; aqueous solution or solution of an organic solvent such as atcoho. of ammonia. <^^™*°™* 
and ammonium hydrogencarbonate. As the alkali, for example, hydroxide, carbonate and hydrogencarbonate ,0 f alkah 
metal are preferably used. As the solvent, water is preferably used. It Is also a preferab.e process to use one obtained 
bv dissolving a reducing compound in an alkali solution . u.^—,i— mA th 

[0224] The reducing compound used in the reducing compound treating step Inc.udes. for example, hydraz ne meth- 
anol ethanol formaldehyde, hydroxyzine or formic acid, or an aqueous solution of hydrazine, methanol, ethanol, 
forlfdehS. hydroxyzine o" formic acid, or a solution of an organic solvent such as alcohol Preferred are hydra- 
zine, methanol, ethanol. formaldehyde, and solutions of hydrazine, methanol, ethano. and formaldehyde. More pre- 
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tarred are hydrazine and a solution of hydrazine. The reducing compound used 'or treating ^th^lum^pe ,und 
supported on the carrier includes, for example, a compound having a redox potential of -O B to 0.5 V. a solution ^hereof 
and a solution of an organic sclent such as alcohol. Now a standard electrode potential is used in , p lace * «wr«tac 
potential Among the compounds listed above, a standard electrode potential of hydrazine is -0.23 V that of forma de- 
s hyde is 0.056 V and that of formic acid is -0.1 99 V. respectively, it is also a preferable process to use an aqueous alkali 
solution of the reducing compound. . ,„„ lt ,,„^ 

[0225] Thebasiccompoundforpreparingthecatalyst(2)^^ 

pyridine, aniline, trimethylamine and hydroxyl amine; alkali metal hydroxide such as potassium hydrox.de > sod urn 
hydroxide and lithium hydroxide; alkali metal carbonate such as potassium carbonate, sod.um carbonate and l.th.um 

10 carbonate; hydroxide of quaternary ammonium salt; and alkyl aluminum such as triethyl alum.num. 

r0226] The process of treating by using a reducing compound includes, for example, a process of dipping one ob- 
tained in the alkali treating step in a reducing compound or a solution of a reducing compound or •W'^' 
a reducing compound or a solution of a reducing compound. It is also a preferable process to use an aqueous alkali 
solution of the reducing compound. ^j,,„i»« Mnnnlln H 

ts [0227] A process of treating by using a reducing compound or an aqueous alkali solution of a reducing compound, 
and adding an alkali metal chloride is also a preferable process. 
r022Bl The process ol oxidizing includes, for example, process of calcining under air. 

0229 A weight ratio of ruthenium oxide to the carrier is preferably within a range from 0.1/99.9 to 20.0/80.0, more 
preferably from 0.5/99.5 to 15.0/85.0. and still more preferably from 1 .0/99.0 to 1 5.0/85.0. When the ratio of ruthenium 

20 oxide is too low. the activity is lowered sometimes. On the other hand, when the ratio of ruthenium ox.de is too high, 
the price of the catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported include ruthenium 

dioxide, ruthenium hydroxide and the like. j,„«j hu <h _ _™ 

[02301 The embodiment of the process for preparing the supported ruthenium oxide catalyst produced by the proc- 
esses (1) and (2) for producing the catalyst of the present invention include a preparation process comprising the 

zs following steps: 

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst; 
an alkali treating step: step ol adding an alkali to one obtained in the ruthenium compound supporting step; 
a reducing compound treating step: step of treating one obtained in the alkali treating step by using a reducing 
30 compound; and 

an oxidizing step: step of oxidizing one obtained in the reducing compound treating step. 

[0231 ] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the 

alkali treating step and the reducing compound treating step in the above step. „„^h ►,„«,., 

35 ro232] Preferred embodiment of the process of preparing the supported ruthen.um ox.de catalyst produced by he 
processes (1 ) and (2) for producing the catalyst of the present invention include a preparation process composing the 
following steps: 

a ruthenium halide compound supporting step: step of supporting a ruthenium halide compound on a carrier of a 

an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide compound supporting step; 
a reducing compound treating step; step of treating one obtained in the alkali treating step by us.ng hydrazine, 
methanol, ethanol or formaldehyde: and 

an oxidizing step: step of oxidizing one obtained in the reducing compound treating step. 

4S [0233] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the 
alkali treating step and the reducing compound treating step in the above step 

[0234] More preferred embodiment of the process of preparing the supported ruthenium ox.de catalyst produced by 
the processes (1) and (2) tor producing the catalyst of the present invention include a preparation process comprising 
so the following steps: 

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst; 
an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide supporting step; 
a hydrazine treating step: step of treating one obtained in the alkali treating step by using hydrazine; and 
ss an oxidizing step: step of oxidizing one obtained in the hydrazine treating step. 

[0235] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkali treating 
step and the hydrazine treating step in the above step. 
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TO2361 Still mora preferred embodiment of the process of preparing the supported ruthenium oxide calalyst produced 
by the processes (1 ) and (2) tor producing the catalyst of the presenl invention include a preparation process comprising 
the following steps: 

a ruthenium halide supporting step: step of supporting ruthenium hallde on a carrier of a catalyst; 
an alkali treating step: step of adding an alkali to one obtained in the ruthenium hal.de supporting step; 
a hydrazine treating step: step of treating one obtained in the alkali treating step by using hydrazine; 
an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the hydrazine treat.ng 

an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step. 

[0237] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkali treating 
step and the hydrazine treating step in the above step. „,„ kM », -n,« 

[u238] The ruthenium halide supporting step is a step of supporting ruthenium hal.de on a carrier of a catalys . The 
uthenium compound to be supported on the carrier includes, for example, already listed various ni <^™?- 
Among them, preferred examples thereof are halides of ruthenium, for example, ruthenium «^.^"*%* 
and RuCI 3 hydrate and ruthenium bromide such as RuBr 3 and RuBr, hydrate. Pre.erred examples of the ruthen um 
halide inc?ude ruthenium chloride such as RuCI 3 and RuCt, hydrate and ruthenium bromide such as RuBr 3 and RuBr 3 
hvdrate. More preferred one is a ruthenium chloride hydrate. 

[0239] The amount of ruthenium halide used in the ruthenium halide supporting step is usually an amount corre- 
sponding to a preferable weight ratio of ruthenium oxide to the carrier. That is, is supported by using a process of 
impregnating a solution o. ruthenium halide with already listed carrier or adsorbing said solution toalready lis ec carrier^ 
Ts the solvent, for example, water and an organic solvent such as alcohol are used, and water .s preferred The 
fmp regnTted one can be dried, and can also be treated by using an alkali without being dried, but ,t ,s preferable the 
impregnatingone isdried. Regarding the conditions lor drying the impregnated one, the drying temperature is preferably 
from 50 to 200»C and the drying time is preferably from 1 to 10 hours. 
[0240] The alkali treating step is a step for adding an alkali to one obtained in the ruthenium hal.de supporting s top 
The alkali used in the alkali treating step includes, lor example, hydroxide, carbonate and hydrogencarbonate of a kah 
metal; aqueous solution of ammonia, ammonium carbonate and ammonium hydrogencarbonato; and soluton of an 
,o organic solvent such as alcohol. As the alkali, for example. hydroxide ! carbonate and hydrogenca,toonate of alkal * metal 
are preferably used. As the solvent, for example, water is pre.erably used. The concen.rat.on of the alkali varies de- 
Dendino on the kind of alkali to be used, but is preferably from 0.1 to 1 0 mol/l. 

fo24 J Regarding a molar ratio of the ruthenium halide to the alkali is, for example. 3 mol o sod.um hydr~x.de is 
equivalent to 1 moiof ruthenium halide in case of using sodium hydroxide. Preferably, the alkal. ,s used in the amount 

* of 0.1 -20 times equivalent per that of ruthenium halide. The process of adding the alkal. include a process of ™preg- 
nating with a solution of the alkali or a process of dipping in a solution of the alkali. The t.me of impregnate w..h the 
solution of the alkali is usually within 60 minutes. Since the activity of the catalyst decreases when the impregnation 
time is long, the impregnation time is preferably within 10 minutes. The impregnation temperature ts preferably from 0 
to 100*C. and more preferably from 10 to 60°C. 

40 [0242] The hydrazine treating step is a step of treating one obtained in the alkali treating step by us.ng hydr^ 
Theprocess of treating by "sing hydrazine includes, for example, a process of impregnat^gw.^ 
and a process of dipping in a solution ot hydrazine. The supported ruthen.um hallde treated by using the alkali in the 
previous step and an alkali solution may be added to a hydazine solution in a state of being moced. or may beadded 
to the hydazine solution after the alkaline solution was separated by filtration. A preferable process is a p ocess of 

4S impregnating the supported ruthenium halide with the alkali and immediately adding to the hydrazine solution The 
concentration of hydrazine used in the hydrazine treating step is preferably not less than 0.1 mol/I.Hydrazine hydrate 
such as hydrazine monohydrate may be used as it is. Alternatively, it is used as a sokit.cn of an organ* sofcent such 
as alcohol Preferably, an aqueous solution of hydrazine or hydrazine hydrate .s used. Anhydnde and a monohydrate 
of hydrazine can also be used. Regarding a meter ratio of ruthenium halide to hydrazine, hydrazme is used in the 

so amount of 0 1 to 20 mol per mol of ruthenium halide. The time of impregnation with the solut,on of hydrazine is p eferably 
from 5 minutes to 5 hours, and more preferably from 10 minutes to 2 hours. The temperature ,s P**^<™ V° 
100-C, and more preferably from 10 to 60»C. After dipping in the hydrazine solution, the d.pping one .s preferably 
separated from the solution by filtration. 

[0243] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkal. treat.ng 
ss stepandhydrazinetrea.ingstepintheaboves.ep.Pre.erablepr^^^ 

in the ruthenium halide supporting step to those prepared by mixing a preferable amount of the alkal. w.th a preferable 
amount of hydazine, and treating for 5 minutes to 5 hours. 

[0244] More preferable process includes a process of washing a solid produced .n the alkal. treat.ng step and hy- 
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drazine treating step, thereby to remove the alkali and hydrazine, and then drying, adding an alkali metal chloride In 
the following alkali metal chloride adding step, drying, and oxidizing. 

r02451 More preferable process Includes a process of washing a solid produced in the alkali treating step _ ana iny 

ooSssfum chlorwTJSarratto of the alkali metal sal. to ruthenium is preferabiy from 0.01 to 10. and more pre erabty 
OnThe overhand, when the amount of the alkali metal salt used is too large, the cost becomes h.gh from an .ndustnal 
m££ Teprocess of impregnating with theaqueousalkalimetalchloridesolution includesaprocess of impregnating 
Klu.S snorted ruLnium one obtained by washing, drying, treating by ^*^^^mSS£ 
process incudes a process of impregnating the resulting supported ruthenium one treated wrth the alkal, and hydrazme 
bv washing with an aqueous alkali metal chloride solution without bemg washed with water h „ rirnf . hloric 
2249] Forte purpose of adjusting the pH in the case of washing the resulting supported ru.hen.um one . ^oohtonc 
SI atso beadd'ed to an aqueous solution of the a.ka.i meta, chloride. The concentration^ °« <^c,-ous solufon 
of the alkali metal chloride is preferably from 0.01 to 1 0 mol/1, and more preferably from 0.1 to 5 mol/l 
SSiUi r P tpose Z [washing lies In remove, o. the alkali and hydrazine, but the alkali and hydrazine can also be 

£e drying emp^raLre is preferably from 50 to 200°C and the drying time is preferably from , 1 i to , !0 
r02Sa ThTSing step is a step of oxidizing one obtained in the alkali treating step and hydrazine treating step 
tothe^ 

adding step (in the case of using the alkali metal chloride adding step). The oxidizing step can include a process of 
ZdZ air It is a preferable preparation example to convert it into highly active supported ruthen.um ox.de by 
cSng one "tZZ w^Sali and'hydrazine in the presence of an a.kali meta. salt in a gas contam.ng oxygen. 

^XS^I^S^^ from 100 to MTC. and more preferably from 280 to 450-0. When 
Sfcalinmiontmpeature is too low. particles formed by the a.ka.i treatment and hydrazine t^"-"""™ 1 
5 a large amount in the form of a ruthenium oxide precursor and. therefore, the actwrty of the catafyst becomes .nsut- 
ficfen. s'omeTmei. On the other hand, when the calcination temperature is too high, agglomerate of ruthenium ox de 
SrttelesTcur and. therefore, the activity of the catalyst is lowered. The calcination time Is preferably from 30 routes 

man T this case it is important to calcine in the presence of the alkali metal salt. By using .his process, it is possible 
[oTlhigtS^ 

the Drocess which includes calciing in the substantially absence of the alkali metal salt. 

rSssT Bv Ccateinatton the particles supported on the carrier, which are formed by the alkal. treatment and hydra- 
E eatmem ^«S£ted hto a supported ruthenium oxide catalyst. It can be confirmed by analyse such as X- 
mSSS^SSSI^L, photoelectron spectroscopy) that the particles formad by the alkali MM«d * 
d^Line treatment were converted into ruthenium oxide. Incidentally, substantially total amount of partk** 
fhSureatmen, and hydrazine treatment are preferably converted of 'he ^KSn^S 

by the alkali treatment and hydrazine treatment can be remained as far as the effect of the present .nvention 

fo^T'TneprSess of oxidizlngone treated with the alkali and hydrazine, washing the remained alkali metal chloride 
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m««urina process will be described in detail hereinafter. When the chemical composition of the carrier used in the 
presen inveX is £££Tel titanium oxide atone, the proportion of the ruti.e crystal is determined from a ^ to o. 
C ruti e crltSto the anatase crystal in the titanium oxide by using X-ray diffraction analysis. Irv ft. P^^Si 
a mfced oxWe of °he titanium oxide and other metal oxide is also used . In that case, the proportion of the rut.le crystal 
rsdltefmlnedbyheS 

wef e?red examp le 'thereof include alumina, zirconium oxide and silica. The proportion of the rut.le crystal m the mixed 

nZ .crystal. The content of the rutile crystal is preferably not less than 10%. more preferably not less man 30%, and 
S« "SSSSr 1 SSS •» «*n oxide containing the rut.le crystal inctudes various processes. In gjjn- 
erarSeto^owin^e^ 

pr^ess includes, for example, a process of hydrolyzing titanium te.rachtor.de « h. P«""«£ ^San) and 

and calcining (e g. Shokubai Kougaku Kouza 10. Catalyst Handbook by Element, 1 978. page 254. Chijin s ^an) and 

a p^eee of calcining an anatase titanium oxide (e.g. Metal Oxide and Mixed Ox.de. 1980. page 

Furt^ore. rutile titanium oxide can be obtained by a process for hydrolyzing an -«~^"" °1™^™o Ston 

chloride by heating Rutile titanium oxide is also formed by previously mixing an aqueous titanium 

JSnfum sulfate or titanium chloride with a rutile titanium oxide powder, hydrolyzing the mixture by heat.ng or usmg 

SyL aid P aTa £ay souTe various X-ray sources can be used. For example, a K a ray of copper Is used^ When 
usbq tL K a ray of copper, the proportion of the rutile crystal and the proportion of the anatase are respectively 
de ermtoed by using an intensity of a diffraction peak of 2 0=27.5 degree of the plane (110) and an intensrty of a 
^Zr n «Jk of 2 6-25 3 decree of the plane (101). The carrier used in the present invention is one having a peak 

catalyst which is produced by the process (4) of the present invention. Although the deta.te will be descnoec i w r i r g 
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invention is a supported ruthenium oxide catalyst obtained by the steps which comprises supporting a ruthenium com- 
pound on a carrier, treating the supported one by using a reducing compound or a reducing a ^gent « * '^J^ 
and oxidizing the resulted one. wherein titanium oxide containing an OH group in an amount of 0. 1 X O* to 30 X 1 0 
(moCS por unit weight of a carrier is used as the carrier. The carrier inc.udes. lor exampie.rut.iecryste carr e 

s Ltase crystafcarrier and nonfatal carrier. Preferabie carriers are rutila crystal earner and carrier 
and more preferable one is rutile crystal carrier. It is generally known that a hydroxy! group represented by OH bound 
to Ti exists on the surface of the titanium oxide. The titanium oxide used in the present invent™ is one <™™**£ 
OH group, and the process of measuring the content of OH group will be desenbed In detail herernaf er When ft. 
chemical composition of the carrier used In the present invention is consisting essentially ^^Z^^Tt '111 

10 determined from the content of the OH group in the trtanlum oxide. In the present invent™ a m«ed ox.de of the 
titanium oxide and other metal oxide is also used . The oxide to be mixed with the titanium ox.de .ndudes ox des of 
elements, and preferred examples thereof include alumina, zirconium oxide and silica. In that case, the content ol he 
oxide other than the titanium oxide in the mixed oxide is within a range from 0 to 60% by we.ght. Also this case, the 
content of the OH group per unit weight of the carrier contained in the carrier is determined by the measunng process 

is which is also described in detail hereinafter. Preferred carrier is titanium oxide which does not conta.n the metal oxide 

^G^wilnt^'^e^ the OH group of the carrier is large, the carrier and supported ruthenium oxide may react 
each other, resulting in deactivation. On the other hand, when the content ol the OH group ol the earner is small, the 
activity of the catalyst is lowered sometimes by sintering of the supported ruthenium oxide and the other phenomenon. 

20 [0264] The process of determining the content of the OH group of the titanium oxide includes various processes. 
For example, a process using a thermogravimetric process (TG) is exemplified . When using the thermograv.metr.c- 
process. the temperature is kept constant and, after removing excess water in a sample, the sample .s heated and the 
content of the OH group is measured from a weight loss. According to this process, the amount of the samp e is small 
and it is difficult to measure with good accuracy. When heat decomposable impurities exist in the carrier, there is a 

« drawback that the actual content ot the OH group is not determined. When using the measurement of .gnrtion loss 
(igloss) for measuring the content of the OH group from the weight loss of the sample in the same manner, the meas- 
urement with high accuracy can be conducted if the amount of the sample is increased. However, an .nfluence of the 
heat decomposable impurities is exerted similar to the case of the thermogravimetric process. Furthermore, there . a 
also a drawback that the weight loss obtained by the thermogravimetric process and ignition loss measurement also 

30 includes the bulk OH group content which is not effective on preparation of the catalyst. 

[0265] A process using sodium naphthalene is also exemplified . According to this process, an OH group in a sample 
s reacted with sodium naphthalene as a reagent and then the content of the OH group is measured from the t.trat»n 
amount of sodium naphthalene. In this case, since a change in concentration of the reagent for tttrafton and a trace 
amount of water exert a large influence on the results, the measuring results are influenced by the storage state of the 

3S reagent. Therefore, it is very difficult to obtain a value with good accuracy. .^..^h 
[0266] A titration process using an alkyl alkali metal is also exemplified . The t.tralran process us.ng the alkyl alkal. 
metal includes a preferable process of suspending a titanium oxide carrier or a titanium oxide earner powder .n a 
dehydrated solvent, adding dropwise an alkyl alkali metal in a nitrogen atmosphere, and determm.ng the amoun o 
the OH group contained in the titanium oxide from the amount of hydrocarbon generated In i that rase, since an alky 

40 alkali metal and water contained in the dehydrated solvent react each other to generate hydrocarbon, the conten , t of 
the OH group in the titanium oxide must be determined by subtracting the generated amount from the measured value. 
[0267] Most preferred process includes a process of suspending a titanium oxide carrier or a titanium ox.de earner 
oowder in a dehydrated toluene , adding dropwise methyl lithium in a nitrogen atmosphere and determ.n.ng the amount 
of the OH group contained in the titanium oxide from the amount ol methane generated, and the content of the OH 

4S group in the titanium oxide catalyst of the present invention is a value obtained by this process 

[0268] The measuring procedure includes, for example, the following process. F.rst. a sample .s prev.ously dned 
underair atmosphere at a temperature of 1 50»C for 2 hours and then cooled in a desiccator. Thereafter; « P™^"* 
amount of the sample is transferred in a flask whose atmosphere was replaced by nitrogen, and then suspended .n 
an organic solvent such as dehydrated toluene. The flask is ice«ooled to inhibit heat generator , and, after add.ng 

so dropwise methyl lithium from a dropping funnel, the generated gas is collected and the volume at the ~""fl I 

pera.ure is measured. The content of the OH group thus determined, which is used in the catatyst. .s usually from £1 
x 10-» to 30 x 1<H (mol/g-carrier). preferably from 0.2 x 10^ to 20 X 10-» (moVg-carner). and more preferably from 

3 0 x 10-* to 15 X 10-* (molrg-carrier). 

[02691 The process of adjusting the amount of the OH group contained in the titanium ox.de carrier to a predetermined 

ss Lount includes various processes. For example, a calcination temperature and a calcination l™^™*"*'* 
used for adiusting the OH group of the carrier.. The OH group in the titanium oxide carrier Is <*£»Mdty h«1 toft 
and the content o. the OH group can be controlled by changing the calcinat.on temperature a «*^^J^h. 
calcination temperature of the carrier is usually from 100 to 1000'C. andpreferably from 150 to 800'C. The calc,nat,on 
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time of the carrier is usually Irom 30 minutes to 12 hours. In this case, it is necessary to P*V ' ° J° P °w 

the surface area of the carrier decreases with the increase of the calcination temperature orthe 
he titanium oxide is produced from a gas phase, one having small content of the OH group can be produced. Further 
more when Itanium oxide is produced from an aqueous phase such as aqueous solution, one hav,ng la ^ con ^ 
of the OH group can be produced. Furthermore, a process of treating the OH group of the carrier by us.ng an alkali 
and a orocess of reacting the OH group by using 1.1,1 -3.3.3-hexamethyldisilazane are exemplified . 

carrie A weight ratio of ruthenium oxide to the carrier is usually within a range from 0.1/99.9 to 20.0/B0.0. P^rably 
from 0 5/99 5 to 15 0/85 0, and more preferably from 1.0/99.0 to 15.0/85.0. When the ratio of ruthenium ox.de s too 
Z Tthe Slvitl is low™* sometimes On the other hand, when the ratio of ruthenium oxide is too h^gh. the pnce of 
Ihe'catalS baches high sometimes. Examples of the ruthenium oxide to be supported include ruthen.um dioxide. 

Z7 m 2'^ZZn* the supported ruthenium oxide catalyst by using the ahove carrier Is a = 
comprising the steps of supporting a ruthenium compound on a carrier, treating the supported one by ma reducing 
compound or a reducing agent in a liquid phase, and oxidizing. A process of treating the supported one educmg by 
using a reducing compound or a reducing agent in a liquid phase includes for example, a process 
supported one by using a reducing compound or a reducing agent in a liquid phase which ,s ^^"^^ 
produced (1). (2) of the present invention and in the catalysts reduced by a reducing agent such as sodwm b«on 
hydride, and the process described below. That is. the process includes a process of ™^1™°^Z *l 
20 already described ruthenium compound supported on the carrier in an aqueous phase or an organ,^ solvent, and 
bubbling hydrogen, a process of treating by using an organolithium compound such as butyl Lth.um. or ^osodium 
compound for an organopotassium compound in an organic solvent, a process of lrea,in 9 b * "^^^'Tcn^ 
compound such as trialM aluminum, and a process of treating by using an organomagnes ™™°^^™ c *™ 
Grignard reagent. Furthermore, various organomelallic compounds can be used and examples thereo nndud. atoh 
« metel alkoxide such as sodium methoxide; alkali metal naphthalene compound such as sod,um naphthatone azide 
cSTpound such as sodium azide; alkali amide compound such as sodium amide; organocalc.um compound, organoz- 
inc compound; organoaluminum alkoxide such as alkyl aluminum alkoxide; organotin compound; "'9^^ 
pound organoboron compound; boranes such as borane and diborane; sodium ammonia solution; and carbon men- 
Side Vartous organic compound can also be used and examples thereof include diazomethane. hydroqumone and 

30 [02 a Si a Tn a process for producing a supported ruthenium oxide catalyst, it is prelerab.e that the catalyst (1) or (2) is 
L supported ruthenium oxide catalyst obtained by using titanium oxide containing not less than 10% by weighty * rujto 
Lnium oxide as a carrier. It is more preferable that the catalyst (1) or (2) fe a supported ruthen.um ox.de catalyst 
obtainTd by using titanium oxide containing not .ess than 30% by weight of ruti.e titan.um ox.de as a ^r,er 

3S 5)273] It is preferable that in the case of the catalyst (3) or (4). said process compnses support,ng , a uthen.um 
compound on a carrier, reducing the supported one by using a reducing hydrogenated compound; and ox.d.z ng 
[02741 It is preferable that in the case of the catalyst (3) or (4). said process compnses support.ng a ruthen.um 
compound on a carrier, treating the supported one by using a reducing compound, and °*' dc,n 9. rll1hsnium 
[0275] It Is preferable that in the case of the catalyst (3) or (4). said process compnses supporhng ^ruthen urn 

<o compound on a carrier, treating the supported one by using an alkali solution of a ^^^'^IrS, 
[0276] It is preferable that the catalyst (3) or (4) is obtained by supporting a ruthen.um hal.de on a earner, treating 
the supported one by using a reducing compound, and oxidizing. 

[0277] It is preferable that the catalyst (3) or (4) is obtained by supporting a ruthen.um hal.de on a earner, treat.ng 
the supported one by using an alkali solution of a reducing compound, and ox.d.z.ng. alloDorted 
4S [0278] The catalyst produced by the process (5) for producing a catalyst of the present invention ^is a supported 
ruthenium oxide catalyst containing ruthenium oxide only at an outer surface layer, not less than 80% of the outer 
surface of said catalyst satisfying the following expression (1): 



S/L<0.35 



(D 



wherein L is a distance between a point (A) and a point (B), said point (B) be.ng a 

catalyst when a perpendicular line dropped from any point (A) on the surface of the catalyst to the lns.de o the _cataVs 
goes out from the catalyst at the opposite side of the point (A), and S is a distance between the point (A) and a point 
ss (C) said point (C) being a point on the perpendicular line where ruthenium oxide does not ex.st. 

!o2 o! a^ folia (1). the calafyst o, the presen, ^^l^SS^X 
nium oxide only at an outer surface shell layer, and does not contain ruthenium oxide in the inside of the catalyst. By 
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a magnifying glass having graduation . s* 1 ^ * J-pasiy Stoalheralhsnium component is fixed 10 the came, bylomwra 

^m^-ms^^ 52 - — -——a—— 

precipitate on the carrier and dried nroduce d bv supporting an alkali on a carrier, supporting at least one 

[0288] The catalyst of the present invention is P"?**"* halide, rutheniumoxy chloride, ruthenium^ce- 
ruthenium compound selected from tf eating the suppo rted one by usmg a 

tonato complex, ruthenium organ* ^^^^SZ of the catalyst can be enhanced. 
25 reducing agent, and oxidizing. By us.ng itl.es .steps ^» ^22 «S as titanium oxide, alumina, zirconium oxide. 
[0289] The carrier includes oxides and ™^ °*' d( * ° I^J* 0 " lde , silic on mixed oxide and the like. Preferable 
eillca, titanium mixed oxide, zirconium m,xed oxufe a ^T^^o^eferable carrier is titanium oxide. A weight 
carriers are titanium oxide, alumina, z ' reon,um 1 ox,d ° a " d r S '^ ,Z, n 1%9 9 to 20.0/80.0. preferably from 0.5/99.5 to 
ratio o, ruthenium oxide to the carrier i. ^ Se P the ruthenium oxide is too low the 

15.0/85.0. and more preferably from 1 ^ 9 ;^ 5 ^^ e 7^L tfon of ruthenium oxide is too high, the price of the 

rcX m r?r^ 

he present inventors have found that ruthemum ox de can be ^ s P descr ibed below and. therefore, the 
oxide a, the outer surface by using an alkali P^^K^^^t first, a carrier of titanium oxide 
example of procedure will be explamed by way of ^ ^*~Z^on ot an afkafi metal hydroxide such as po- 
having a suitable particle diameter is impregnated "^.^"L^m hydrogen carbonate. In this case, a th.ck- 
tassium hydroxide or an alkali such as ^^^^ZT^o^L is decided by changing the kind 
40 ness of a layer of a ruthenium compound at «he surf^e to be ^PP° supported , and time from impregnation 

of the alkali, concentration of the alkaH. amount of ^'"r^^^JS., a thickness of a layer to be im- 
with ruthenium compound to drying. Foj ^s^Zclce^on of the aqueous solution within 

pregnated with the ruthenium compound can be change^ by £*W , of an alte „ and earner is 

a range from 0.1 N to 2.0 N. Then, the ^^^nSSa As the solution, an aqueous solution, a 
dried. Then, the carrier is impregnated wrth a solution ^ e " w ™ and an organic so , ve nt is used, but a solution 
solut^ofanorganicsoivanteu^^ 

of an organic solvent such as ethano ,s prefe ^red. Then ^^ e c 9 onvert9d inlo ruthenium oxide. Alternatively, 

and hydrolyzed by using an alkali to form ruthen is oxidized to form ruthenium oxide, 
the supported ruthenium compound Reduced t .to ™ h an aqueous solution of an alkali includes 

[0291] The alkali used preferably In the step ^JJ, hyd rogencarbonate. The concentration 

potassiumhydroxide. sodium hydroxide, ^^^^O^o7^i preferabfy from 0.1 to 3.0 N. When 
of the alkali with which the earner is impregnated is usually £om a n impregr , a ted with the alkali, to drying m 

the time from impregnation of ruthenium .compound wrth the JJ^J „ 8uHable , ime must be selected 
long, the inside of the carrier Is Impregnated with «^^^2!S' WP°« " d " ed a,ter impr "- 
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hi„ rHa as RuCI and RuCI, hydrate and ruthenium bromide such as RuBr 3 and RuBr 3 hydrate, ruthen umoxy 
chloride such as RuCI^ an d ™^ n »™ l °J , . IBu(C H,COCHCOCH 3 ) 3 1 ruthenium-acetylacetonato complex; ru- 
chloride such as BufiC\ 4 . ^^^^^^^^Sa^hM and Ru,(RCOOUCI(R: alkyl group hav- 

invention is not adversely affected. „ h i«riHo with rwvaan usina the catalyst of the 
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ature distribution width in the reactor can be minimized . 

para] Whai M iMa MHM * "J* Th.r.lor.. M reaclion k paM* conduct at 

volMiMon oc lulharium «XKla m a t»»hk ox>*2«l «ak ' "J£J™ , m ,„„ joo „, 400-0. m«e p..(- 
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of the ruthenium oxide supported on anatase crystal or n ^^^ U ^* , a crvstal ^ contem o( , he rut ile 

Is used in the oxidation reaction. surface of the titanium 

[03111 It is generally known that a hydroxy! group represented by OH bound toll e ™< 8 ™ ™ ' " „ of measurinq 

for producing a supported ruthenium ox.de ^^0^^ ft. OH group in the titanium oxide, 

invention is composed of tttanium oxida alone, t is determined from ' me l ™ also contained. The oxide to be 

from 0 to 60% by weight. Preferred carrier is titanium ox.de which does not contain the metal ox.oe 



titanium oxide. 
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a supported ruthenium oxide catalyst rth „ n i„m ™ide catalvst supported on the above carrier, and a 

[0315] The present invention relates to a ^^^J^Z^^^m^^BO.O, preferably Irom 0.5/99.5 

to 15 0/85 0. and more preferab* ^^ te J^jJ£ rtw ofmTenium oxide is too high, the price o. the 
2a"blS2 h^^xC'^ ruthenium^e to be supported inc.ude ruthenium diox.de, ru- 
X ^ZCaring the supported ruthenium oxide catalyst by using the above carrier inc.udes various 
fo^^^Theprocessforprepanngthesupported ruthenium oxide catalyst of the present invention inc.udes processes 
[03181 As the ruthenium compound to be supported on a carrier, compounu 

of the invention of the process for producing chlorine can be . similarly supported «, ^ e carrier, compounds 
[0319] As the reducing compound used for treating the ^Tr^^'J^A. uTe reducing hydrogena.ed 
Ld?n«heca.alyst(1)of«heinventi^ 

compound, compounds Hs.ed in the catatyst ^J^^^^^JZlT^oLg ruthenium compound 
^alrr^^ 

catalyst (1). (2) in this invention which relates to a process 

[0321] SP""™?'- 0 '* 9 ^^ the invention of the process for 

SSt X"- - 2 *» * -PP° rted T rlhTr^bflvided . process for producing 

[0323] As described above, according to the P'ese^vent^ ^^?r5^*l^o by using a catalyst 
chtorine by oxidizing hydrogen chloride with oxygen, SuLo be provided a process for 

having high activity in a smaHer amount at a tower reac,™ ^<S! control of the reaction temper- 

Wording to the present invention, there ^^^J^^^Z^^ 
at a lower reaction temperature. n flHa o.mnorted ruthenium oxide catalyst, wherein 

scope thereof. 
55 Example 1 
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solution and 20 0 g of a titanium oxide powder (P25. manufactured by Nippon AEROSIL Co.. Ltd.) wae ■WW'* 
w^hlssoTu^^ 

ground in a mortar to obtain 20.3 g of a dark green powder. Accordmg to the same manner as that described above. 

the same ooeration was repeated nine times to obtain 183.Bg of a dark green powder. 

M281 mn 10 4 g of this powder was dipped in a mixed solution of 2. 1 g of a potassium hydrox.de 
to 2N andTl g of pure water in a ultrasonic cleaner at room temperature for 1 minute. In a suspension d tedwri 
Inl and the sJutfon a solution of 0.61 g of a hydrazine monohydrate and 5.0 g of pure water was poured under 
r o Ln £ roS Stature with applying an ultrasonic wave. At the time of pouring, bubbling was observed in the 
Aft^e waHnoweci [to stand for 15 minutes until the bubbling disappeared, the supernatant was 

spars e ! fiJ-atSSo mto. pure water was added, foilowed by washing for 30 minutes and further 
fllTt o ^Thfsope ation was repeated five times. The pH of the wash atthe first time was 9.1. and the pH of the , wash 
at the L time was 7 4 To the powder separated by filtration, a 2 mol/l potassium chtoride solution was added and 
a ter "J -Parated » filtration again. This operation was repeated three t^e. Th^nt of 
thl nl assiurn chloride solution added was 54.4 g at the first time. 52.1 g at the second time and 52.9 g at the third 
ZT^^St^ P^eoure from the operation of dipping in the potassium hydroxide solution was repeated I six 

mes rtreSmanner to obtain 107 gof acake. 53.1 g of the resulting cake was dried at 60'C for 4 hours to obta.n 
3? 1 g o a g^p^e" A ter heating from room temperature to 350-C under air over 1 hour, the f^J~«£" 
aUhe same temperature for 3 hours. After the completion of the calcination. 500 ml of pure water was added and the 
m w"r^!3«rt«rth.rmor.. the powder was separated by filtration. This operation was repeated W^e 
Zes and affe ^0^ opwise an aqueous silver nitrate soM^^ 

no, rema^rTSen 28 0 g of a bluish gray powder was obtained by drying this powder at 60-C for 4 hours. The 
resuming powder was folded to ad]ust the particle size to 8.6-16.0 mesh, thereby obtaining a ruthenium ox.de catalyst 

supported on titanium oxide. ,«„„^„ 
[0329] Incidentally, the calculated value of the content of ruthenium ox.de was as follows. 

Ru0 2 /(Ru0 2 + TiQ 2 ) X 100 = 1.9% by weight 
[0330] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + TiO z ) X 100 = 1 .5% by weight 
[0331] X-ray diffraction analysis of the titanium oxide powder used was conducted under the following conditions. 



so 



55 



35 


Apparatus 


Rotaflex RU200B (manufactured by Rigaku Co.) 




X-ray type 


Cu Ka 




X-ray output 


40 kV-40 mA 


40 


Divergence slit 


1° 


Scattering slit 


1° 




Receiving slit 


0.15 mm 




Scanning speed 


1*/min. 




Scanning speed 


5.0-75.0 9 


45 


Monochromator 


curved crystal monochromator is used 



[0332] The proportion of a peak intensity (381cps) of a rutiie crystal (2 6=27 4») to a total value 

(381 cps)of a nitiie crystal () and a peak intensity (1 91 4 cps) of an anatase crystal (2 8=25.3 ) was 17%. Consequently, 

SS^^SSI^ on fitanium oxide (17.8 g) thus obtained was ^£P£2£ 
two zones of the same glass reaction tube. The inner diameter of the glass reaction tube was 1 5mm ^»«™""^ 
protective tube having an outer diameter of 6 mm was inserted therein. In the upper zone the catatys ^wae , charged 
atter dlfing by evidently mixing 5.9 g of the ruthenium oxide catalyst support on titanlurr , oxWe wrth 23 6 ota 
commerc««y available spherical (2 mm in size) a -alumina carrier (SSA995, manufactured by N.kkalo Co , In the 
3zone 11 9Vo« the'ru.henium oxide catafyst supported on titanium oxide was ^^^Z Z ^ 
hydrogen chloride gas (96 ml/min.) and an oxygen gas (53 ml/min.) were respectively supplied by passing from ih. 
top to the bottom of the reactor under atmospheric pressure (in terms of 0 »C, 1 a.m). The upper zone of the glass 
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reaction tube was heated in an electric furnace to adjust the internal temperature (hot spot) to 361°C. Similarly, the 
lower zone was heated to adjust the internal temperature (hot spot) to 295*C. 4.5 Hours after the beginning ol the 
reaction, the gas at the reaction outlet was sampled by passing it through an aqueous 30 % potassium iodide solution, 
and then the amount of chlorine formed and amount of the non-reacted hydrogen chloride were respectively determined 

s by iodometric titration and neutralization titration . As a result, the conversion of hydrogen chloride was 93.0%. 

[0334] According to the same reaction manner as that described above except that the hydrogen chloride gas (1 46 
ml/min.) and the oxygen gas (74 ml/min.) were respectively supplied under atmospheric pressure (in terms of 0 °C, 1 
atm) and that the internal temperature of the upper zone was adjusted to 360 & C and the internal temperature of the 
lower zone was adjusted to 300°C, the reaction was conducted. 4.5 Hours after the beginning of the reaction, the 

10 conversion of hydrogen chloride was 91 .6%. 



Example 2 

[0335] A catalyst was prepared by the following process. That is, 3.52 g of commercially available ruthenium chloride 
is (RuCI 3 .nH 2 0, Ru content: 35.5% by weight)was dissolved in 7.61 g of water, followed by sufficient stirring to obtain an 
aqueous ruthenium chloride solution. The resulting aqueous solution was added dropwise in 25.0 g ol a spherical (1 -2 
mm <fr in size) titanium oxide carrier (CS-300S-12,anatase crystal manufactured by Sakai Chemical Industry Co., Ltd.), 
thereby to support ruthenium chloride by impregnation. The supported one was dried in an air at 60°C for 4 hours to 
obtain 28.0 g of a ruthenium chloride supported on titanium oxide . 4.0 g of the resulting ruthenium chloride supported 
20 on titanium oxide (28.0 g) was dipped in a mixed solution of 2.4 g of an aqueous potassium hydroxide solution adjusted 
to 2 mol/l and 1 .2 g of pure water at room temperature for 1 minute. Then, the dipped one was poured, together with 
the solution, into 0.67 g of a hydrazine monohydrate under nitrogen at room temperature. Al the time of pouring, 
bubbling was observed in the solution. After the solution was allowed to stand for about 15 minutes until the bubbling 
disappeared, 4.0 g of pure water was poured, followed by stirring. Then, the supernatant was removed by decantalion. 
25 Then, 30 ml of an aqueous potassium chloride solution adjusted to 2 mol/l was poured and, after stirring, the supernatant 
was removed by decantation. By repeating this operation six times, washing with the aqueous potassium chloride 
solution was conducted. Then, the washed one was dried under air at 60°C for 4 hours to obtain a spherical gray solid 
containing potassium chloride. 

[0336] Then, the solid was heated under air from room temperature to 350°C for about 1 hour and then calcined at 
so the same temperature for 3 hours to obtain a spherical solid. Washing was conducted by adding 0.5 liter of pure water 
to the resulting solid, stirring and allowing to stand 30 minutes, and the resulting solid was separated by filtration. This 
operation was repeated four times. The washing time was about 4 hours. The washed one was dried under air at 60 W C 
for 4 hours to obtain 3.73 g of a black spherical ruthenium oxide catalyst supported on titanium oxide. 
[0337] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

35 

Ru0 2 /(Ru0 2 + TiQ 2 ) X 100 = 6.1% by weight 



[0338] The calculated value of the content of ruthenium was as follows. 

40 

Ru/(RuQ 2 + TiD 2 ) X 100 = 4.7% by weight 



[0339] The ruthenium oxide catalyst supported on titanium oxide (2.5 g) thus obtained was diluted by mixing with a 
45 5 g of spherical titanium oxide carrier (1-2 mm $ in size) and then charged in a quartz reaction tube (inner diameter: 
12 mm) A hydrogen chloride gas (192 ml/min.) and an oxygen gas (184 ml/min.) were respectively supplied under 
atmospheric pressure (in terms of 0 °C, 1 atm). The quartz reaction tube was heated in an electric furnace to adjust 
the internal temperature (hot spot) to 300°C. 1.8 Hours after the beginning of the reaction, ths gas at the reaction outlet 
was sampled by passing it through an aqueous 30 wt% potassium iodide solution, and then the amount of chlorine 
so formed and amount of the non-reacted hydrogen chloride were respectively determined by iodometric titration and 
neutralization titration . 

[0340] The formation activity of chlorine per unit weight of the catalyst determined by the following equation was 3.68 
x lO^mol/min.g-catalyst ... 
[0341] Chlorine formation activity per unit weight of catalyst (mol/min.g-catalyst) = amount of outlet chlorine formed 
55 (mol/min)/weight of catalyst (g) 

[0342] The formation activity of chlorine per unit weight of Ru determined by the following equation was 78.4 x 1 0- 
mol/min.g-Ru. 

[0343] Chlorine formation activity per unit weight of Ru (mol/min.g-Ru) = amount of outlet chlorine formed (mol/min) 
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/weight of Ru (g) 
Example 3 



5 [0344] A catalyst was prepared by the following process. That is, 3.52 g of commercially available ruthenium chloride 
(RuCU nH 2 0 Ru content: 35.5% by weight) was dissolved in 7.6 g of water, followed by sufficient stirring to obtain an 
aqueous ruthenium chloride solution. The resulting aqueous solution was added dropwise in 25.0 g of a spherical (1-2 
mm + in size) titanium oxide carrier (CS-300S-12, manufactured by Sakai Chemical Industry Co., Ltd.), thereby 'to 
support ruthenium chloride by impregnation. The supported one was dried under air at 60«C for 4 hours to obtain 28.1 
10 g of a ruthenium chloride supported on titanium oxide . 4.0 g of the resulting ruthenium chloride supported on titanium 
oxide (28 1 g) was dipped in a mixed solution of 2.4 g of an aqueous potassium hydroxide solution adjusted to 2 mol/ 
I and 1 2 g of pure water at room temperature for 1 minute. Then, the dipped one was poured, together wilh the solution, 
into 0 67 g of a hydrazine monohydrate under nitrogen at room temperature. At the time of pouring, bubbl.ng was 
observed in the solution. After the solution was allowed to stand for about 15 minutes until the bubbling disappeared, 
is 30 ml of pure water was poured, followed by stirring. Then, the supernatant was removed by decantation. By repeating 
this operation six times, washing with water was conducted. Then, the washed one was dried under air at 60°C for 4 
hours The dried solid was impregnated with 1 .3 g of an aqueous potassium hydroxide solution adjusted to 1 .4 mol/l. 
and then dried under air at 60'C lor 0.5 hours to obtain a spherical gray solid containing potassium chloride. The 
calculated value of a molar ratio of potassium chloride to ruthenium was 1 .0. Then, the solid was heated under air from 
20 room temperature to 350'C for about 1 hour and then calcined at the same temperature for 3 hours to obtain a spherical 
solid Washing was conducted by adding 0.5 1 of pure water to the resulting solid and filtering. This operation was 
repeated four times. The washing time was about 4 hours. The washed one was dried under air at 60°C for 4 hours 
to obtain 3.65 g of a black spherical ruthenium oxide catalyst supported on titanium oxide. 
[0345] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + TO 2 ) X 100 = 6.1% by weight 
[0346] The calculated value of the content of ruthenium was as follows. 

Ru/(RuQ 2 + TiO a ) X 100 = 4.7% by weight 

[03471 The ruthenium oxide catalyst supported on titanium oxide (2.5 g) thus obtained was charged in a quartz 
35 reaction tube (inner diameter 1 2 mm) In the same manner as that described in Example 2. and then the reaction was 
conducted according to the same reaction manner as that described in Example 2. 1.8 Hours after the beginning of 
the reaction, the formation activity of chlorine per unit weight of the catalyst was 3.63 X 10' 4 mol/min.g-catalyst. 
[0348] The formation activity of chlorine per unit weight of the Ru was 77.3 X W 4 mol/min.g-Ru. 

40 Example 4 

[0349] A catalyst was prepared by the following process. That is, 50.0 g of a titanium oxide powder (STR-60N, 1 00% 
rutile crystal , manufactured by Sakai Chemical Industry Co., Ltd.) was kneaded with 33.4 g of pure water and 6.6 g 
of a titanium oxide sol (CSB, T30 2 content: 38% by weight, manufactured by Sakai Chemical Industry Co., Ltd.). At 

45 room temperature, a dry air was blown to the kneaded one, which was then dried until suitable viscosity was obtained. 
The weight toss of water by drying was 0.2 g. After drying, the mixture was sufficiently kneaded again. The kneaded 
one was extruded into a form of a noodle of 1 .5 mm <* in size. After drying under air at 60'C for 4 hours, 46.3 g of a 
white noodle-shaped titanium oxide was obtained. After heating under air from room temperature to 500°C over 1.3 
hours calcination was conducted at the same temperature for 3 hours. After the completion of the calcination, 45.3 g 

so of a white extruded titanium oxide carrier was obtained by cutting the noodle-shaped solid into pieces of about 5 mm 
in size Then 40 0 g of this carrier was impregnated with an aqueous solution prepared by dissolving 3.23 g of com- 
mercially available ruthenium chloride (RuCI 3 .nH 2 0, Ru content: 37.3% by weight) in 21.9 g of pure water, and dried 
at 60'C for 2 hours. Then, the resulting solid was dipped in a solution of 16.7 g of a 2N potassium hydroxide solution, 
241 g of pure water and 4 1 g of hydrazine monohydrate under nitrogen at room temperature, with stirring every 15 

55 minutes Bubbling occurred on dipping. After 80 minutes, filtration was conducted by using a glass filter. Washing was 
conducted for 30 minutes by adding 500 ml of water, followed by filtration. This operation was repeated five times. The 
pH of the wash was 9.2 at the first time, and the pH of the wash was 7.2 at the fifth time. To the extruded solid separated 
by filtration 50 g of a 0.5 mol/l of potassium chloride solution was added and, after stirring, the extruded solid was 
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separated by filtration again. This operation was repeated three times. The resulting solid "as drl^at 60 C tor4h«i« 
to obtain a gray solid. After heating from room temperature to 350'C in an air over hour, the solid """^""d * 
he same temperature tor 3 hours. After the completion of the calcination, 500 ml of pure water was added and the 
S^^TZS^I. furthermore, the solid was separated by filtration. This operation was repeated ten times and 
b S"addTg d opwise an aqueous silver nitrate solution to the wash, it was confirmed that potassium chloride is not 
I^X^Za g of a bluish gray extruded ruthenium oxide catalyst supported on titan.um oxide was obtained 
by drying this solid at 60»C for 4 hours. , o 

[0350] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

10 Ru0 2 /(Ru0 2 + T0 2 ) x 1 00 = 3.8% by weight 

[0351] The calculated value of the content ol ruthenium was as follows, 
is Ru/(Ru0 2 + Ti0 2 ) X 100 = 2.9% by weight 

[0352] X-ray diffraction analysis of the titanium oxide powder (STR-60N) used I was co nduc.ed lunde. ^ «™»°°"; 
L ions as those of Exampte 1 . As a result, a peak intensity ofarutile crystal (2 «=f f 4 ( ° > ^fal^^fvSs ,<^% 

20 a anatase ovstal( 2 0=25.3' ) peak was not detected. Consequent*, the content of th , uUle «£*^10«^ 

r03531 Accordinq to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
King So g Xenrthenium oxide cataiyst supported on titanium oxide thus obtained with 10 g of a commerc.aHy 
SfcspherL (2mm in size) alumina carrier (SSA995. manufactured by N ' ktet ° C °> a "? h ^ 
reaction tube (inne diameter: 12 mm) and that the oxygen gas (192 ml/mm.) was passed through the reaction tube 

25 Z ^ nTintemaHen, P erature was adjusted to298'C. the reaction was conducted. 2.3 Hours after the beginmng o. the 
reaction L formation activity of chlorine per unit weight of the catalyst was 8.88 X 10-* mol/m.n.g-catalyst. 
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Example 5 



[0354] A catalyst was prepared by the following process. That is. 1 5.0 g of a titanium oxide powde (STR^ON 1 00% 
u^le crystal manufactured by Sakai Chemical Industry Co.. Ltd.) was dipped in an aqueous solute ol 2.01 g of 
ieSlwe ruthenium chloride (RuC^.nHp. Ru content: 37.3% by weigh.) and 26.7 g of pure water, evap- 
o3 nder ^uced pressure at 50'C for 4 hours, and then dried at 60'C for 2 hours. After drying, the powder was 
sufficiently ground to obtain a black powder. This powder was dipped in a solution of 10.4 g of a 2N po ass.um hy« 
solution. 69 9 ol pure water and 2.53 g of hydrazine monohydrate under nitrogen at room temperature. Bubbl ng oc- 
curred on dipping The gas bubbled during the treatment for 1 hour was collected and the volume was measured^ As 
a result it was 74 ml in a normal state. The reduced powder was separated by filtration ™f<^?£^£ 
30 minutes by adding 500 ml ol water, followed by filtration. This operation was repeated five t.mes^ The pH o the 
wain was 9.4 at the first time, and the P H of the wash was 7.1 at the fifth time. To the powder separated by • httratan. 
50 g of a 2 mol/l ol potassium chloride solution was added and. after stirring, the powder ^was separated by on 
again. This operation was repeated three times. The resulting cake was dried at 60-C for 4 hours t .obtain a bbcWsh 
bfown powder. Alter heating from room temperature to 350-C in an air over 1 hour, the sol*, was i catc.ned at the same 
temperature for 3 hours. Alter the completion of the calcination. 500 ml of pure water was added and he — * » 
stirred and furthermore, the powder was separaled by filtration. This operation was repeated five times and, after 
adafngd^wL an aqueous sHver nitrate solution to the wash. K was confirmed. hat po.assiu^ 
Then. 14.5 g of a black powder was obtained by drying this powder at 60-C for 4 hours. The res £^ <"» 
mowed to adjust the particle size to 8.6-16.0 mesh, thereby obtaining a ruthenium oxide catalyst supported on titanium 
oxide 

[0355] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6.2% by weight 
[0356] The calculated value of the content of ruthenium was as follows. 

Ru/(RuQ 2 + TiQ 2 ) x 100 = 4.7% by weight 
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m«7i X rav diffraction analysis of the titanium oxide carrier used was conducted under the same conditions as those 
Kx^ '"tensity (1389cps) of a rutile crystal (2 

apea^ 

■samp 

wis 24-C The content Q (mol/g-carrier) of the OH group was calculated by using the following equation (1 ). 



Q = (V - V 0 )/(22400 X (273 + T)/273)/W 



V: 



where 

nm n„nt of nas evolved (ml) volume of a methane gas evolved at the temperature T during the measurement 
Km <*£ SSKS volume of a methane gas evolved at the temperature T Irom remained water 
in the measuring system when measuring without putting a sample 
T: Measuring temperature (°C) 
W: Amount of sample (g) 

S3 Pu^e^ 

treatment according to the following scheme (2). As a result, the following scheme was obtained. 



1/4 N 2 H 4 



. e' + H* + 1/4N-T < 1 > 



[03611 In the present invention, the valence of ruthenium was determined by Jlhe scheme CO- 
[o362] The valence of Ru when the reaction (1 ) proceeds is represented by the following equation. 



Valence number of Ru = 3 - ((V/22400 X 4)/N) 



(2) 



where V: amount of gas produced (ml). N: amount of Ru content which was charged (mol) 
[0363] The valence number of Ru was calculated as 1 .22. 

SSS S hand" KSE tolhVLve reaction, there is also k nown the reaction (3) represented by the 



[0365] 
following scheme: 



9/2 N 2 H 4 e~ + 5NH 3 + 3H + + 2N 2 t 



(3) 



r03661 According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 

« the reaction was conducted. 2.2 Hours after the beginning of the reaction, the formation activity of chlorine pe 
weight of the catalyst was 5.10 X 10"* mol/min.g-catalyst. 

Example 6 

« r03671 A catalyst was prepared by the following process. That is. 5.0 g of a spherical (1 -2 mm in size) titanium oxide 
SSS (CS 3?0S I Ta^tase crystal, manufactured by Sakai Chemical Industry SSKJJ £ 

so uTfon prepared previously by dissolving 0.71 g of ruthenium chloride (RuCfe-nHp, Ru content. 35.5% by weight) 
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1 7 q of water and then dried at 60"C for 2 hours. Then, a solution of 0.84 g of sodium boron hydride (NaBH 4 ), 4.1 g 
of water and 22.1 g of ethanol was prepared. After the solution was sufficiently cooled In an lea bath, ai a rwdy 
prepared ruthenium chloride supported on titanium carrier was added and ruthenium chtor.de was •**» 
time bubbling was observed. After the bubbling was terminated, the reduced sol.d was separated by filtration. After 

s washing with 500 ml of pure water for 30 minutes, the solid was separated by filtration. This operation was repeated 
SsThS so'd was dried at 60'C for 4 hours. As a result. 5.2 g of a black solid was obtained. Then, this 
sold was'impregnated with a solution prepared by dissolving 0.19 g of potassium chloride in I s olpuro wa er by 
two portions The impregnation amount of the potassium chloride solution was 1.7 g at the first t.me. After dry.ng at 
6^C °oM hour, the amount was 1 .4 g at the second time. The resulting solid was dried at 60-C for 4 hours. The dr ed 

10 one was heated under air to 3S0'C over 1 hour and then calcined at the same temperature for 3 hours. Then, he 
result S was washed with 500 ml of pure water tor 30 minutes and then separated by filtration. This ; operate 
was repeated five times. After adding dropwise an aqueous silver nitrate solution to the filtrate .1 was confirmed tha 
potassium chloride la not remained. After washing, the solid was dried 60»C for 4 hours to obtain 5.1 g o \a aphencaj 
black ruthenium oxide catalyst supported on titanium oxide. The pore radius of the resulting catalyst was w nhn a ^range 

is from 0.004 to 0.02 micrometer. The pore distribution curve of this catalyst measured by a mercury poros.meter is shown 
in figure 7. 

[0368] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

RuO^RuOa + TiO a ) X 100 = 6.2% by weight 
[0369] The calculated value of the content of ruthenium was as follows. 

Ru/(RuO, + TiO,) X 100 = 4.7% by weight 

2S 

[0370] X-ray diffraction analysis of the titanium oxide used was conducted under the same conditions as those of 
Example 1 . As a result, a peak of a rutile crystal (2 6=27.4"* ) was not detected to a anatase crystal peak .ntensrty (1824 
cps 2 6=25.3'' ). Consequently, the content of the rutile crystal was 0%. 
30 [0371] Under the same conditions as those of Example 5 except that the amount of the sample was 2.56 g and the 
amount of toluene was 40 ml. the content of the OH group of the carrier was measured. As a result. 86 ml of a methane 
gas was evolved. The content of the OH group of the carrier was 9.0 X 10" 4 (mol/g-carrier). 

[0372] According to the same reactio^manner as that described in Example 2 except that 2.5 g of the rulhen.um 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube and that the hydrogen chloride 
3 s (187 ml/min.) and the oxygen gas (199 ml/min.) were passed through the reaction tube, the reaction was conducted 
2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 3.92 
x 10"* mol/min.g-catalyst. 

Example 7 

[0373] A catalyst was prepared by the following process. That is, 10.1 g of a titanium oxide powder (P25, manufac- 
tured by Nippon AEROSIL Co., Ltd.) was impregnated with an aqueous solution prepared previously by dissolving 0.41 
of commercially available ruthenium chloride (RuClj.nHp. Ru content: 37.3% by weight) in 3.5 g of pure water, and 
then dried at 60-C for 2 hours. After drying, the powder was sufficiently ground in a mortar to obtain a dark green 

45 powder To reduce this powder with sodium boron hydride, a solution was prepared by dissolving 0.50 g o sodium 
boron hydride in 100 0 g of ethanol and cooled in an ice bath. To this sodium boron hydride solution, the total amount 
of ruthenium chloride supported on titanium oxide was added with stirring. Bubbling occurred on addition. After 1 hour, 
the supernatant was removed by decantation. 500 ml of pure water was added, followed by washing for 30 minutes 
and further separation by filtration. This operation was repeated five times. The P H of the wash at the first time was 

so 9 3 and the pH of the wash at the fifth time was 4.2. To the powder separated by filtration, a 2 mol/l potassium chloride 
solution was added and. after stirring, the powder was separated by filtration again. This operation was repeated three 
times The amount of the potassium chloride solution added was 48. 1 g at the first time, 52.9 g at the second time and 
47 2 g at the third time, respectively. The resulting cake was dried at 60-C for 4 hours to obtain a gray powder. Af er 
heating from room temperature to 350»C under air over 1 hour, the powder was calcined at the same temperature for 

ss 3 hours. After the completion of the calcination, 500 ml of pure water was added and the mixture was stirred and, 
furthermore, the powder was separated by filtration. This operation was repeated five times and. after adding dropw.se 
an aqueous silver nitrate solution to the wash, it was confirmed that potassium chloride is not remained. Then 9^2 g 
of a bluish gray powder was obtained by drying this powder at 60'C for 4 hours. The resulting powder was molded to 
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adiust the particle size to 8.6-16.0 mesh, thereby obtaining a ruthenium oxk*e catalyst supported on titanium oxide. 
[0?74] inddentally, the cabulated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + TKD 2 ) X 100 = 1.9% by weight 
[0375] The calculated value of the content of ruthenium was as follows. 

Ru/(RuO a + TiO z ) X 100 = 1 .5% by weight 

X 10- 4 mol/min.g-catalyst. 
Example 8 

ro3771 A catalyst was prepared by the following process. That is, 10.1 g of a titanium oxide powder (P25 manufac- 

bi drying this powder at 60'C for 4 hours. The resulting powder was molded to ad,ust the part.de size to 8.6 16.0 
mesh, thereby obtaining a ruthenium oxide catalyst supported on titanium ox.de. 
ao [0378] Incidentally, the calculated value of the content of ruthenium ox.de was as follows. 

Ru0 2 /(Ru0 2 + TO 2 ) X 100= 1.9% by weight 
45 [0379] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 1 .4% by weight 

S0 [0380] X-ray diffraction analysis of the titanium oxide powder used was conducted under the same conditions as 
those of ExamDle 1 As a result, the content of the rutile crystal was 17%. ... .. ho 
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of chlorine per unit weight of the catalyst was 5.33 X 1(H mol/min.g-catalyst. 
Example 9 

(0383] Acata^stwaspreparedbytn^ 
turedbyNipponAEROSlLerogyICo LW^^ 

ruthenium chloride supported on titanmm oxide^ was added ' J^J^^A by washing for 30 minutes 

the supernatant was removed by decantat.on 500 ml o pure ~ a ^ s ad ° ed - ' Q , ^ *ash at the first time was 
and further separation by filtration. This o perat,on v<«s repe^ J^SH^M a 60°C for 4 hours. As a result. 
9.8. and the pH of the wash at the ^ > ^ was 6 e^T he re ^flc*. was JJ-J^ ^ m aque0(J8 solution 
18.0 g of a bluish gray powder was obtained Then, the ra ^f a ^ e '™ Jer ^ as drie d at 60»C for 4 hours. After 

of 0.66 g of potassium oh '°J de ^° ae 7 a f rov ^ri taw^ p^Tw ^telned at the same temperature for 

heating from room temperature o 350 C under ai _over no u , p mixtufe stjrred ^ 

3 hours. After the completion of the catenation 500 ml of ^™^'"£ (|y- times ^ afle r adding dropwise 
furthermore, the powder was separated by ''"^^^'^^^'^n not remained. Then. 17.3 g 
an aqueous silver nitrate solution to the wash, ,1 was conhm*^ that po l**™™™™ der was to 

fcESESCll ^cateuteted value of the content o, ruthenium oxide was as follows. 

RuCy(Ru0 2 + T0 2 ) X 1 00 = 2.0% by weight 

[0385] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + TiO a ) x 100 = 1 .5% by weight 

[0386] X-ray diffraction analysis o, the titanium oxide powder used was conducted under the same conditions as 

hose of Example 1. As a result, the content of the ."Lmole 2 except that 2.5 g of the ruthenium 

[0387] According to the same reaction manner as that descnbed In I Examp ^ e ^ e P<^ 9 oe 
oxide catalyst supported on titanium oxide thusob^ 

Tf cNo'"ne per unH weight of the catalyst was 4.41 X 1 0-4 mol/ming-catalyst. 
Example 10 

[03S8] A catalys, was prepared by the following 

crystal system, manufactured by Sakai Chemical Industry Co Ltd) wa P™° u ^ ^ ed Qne 

pLure to 500-C over 1 .4 hours and ^^^^^Z^^<^ (RucW Ru content: 
was dipped in an aqueous solution of 0.61 g of commercially ayan aoie r , hen dr|ed 

37.3% by weight) and 26.7 g o, ^^^S^^^^ ^ ^ ™ T* ' - 
at 60°C for 2 hours. After drying, the powder was sunicien i y a ( hydrazln9 mono - 

dipped In a solution of 3.2 g of a 2N potassium hydroxide so uflon, 52^6 o P u ^ l ° r ™ , ne powder wa s 

hydrate at room temperature under -^^JSSS 2aT^ fo l oS by washing torSO minutes 
separated by filtration. To the resulting powder 500 ml of pure wa ter ^wa . aa , fc> ^ 

and further separation by filtration. Thfe operation ^T^^^Z^SSaS! nitration. 50 g of a 2 moW of 
time, and the pH of the wash was 7.5 at the '^}^^^^SSfL^ again This operation 
potassium ch.orkle solution was added *^^ r ™%^™^Totl \ reddishVv powder. After 
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an aqueous sliver nitrate solution to the wash, it was confirmed that potassium chloride is not na ^J^^* 
* Eh gray powder was obtained by drying this powder at 60'C for 4 hours. The 

adfust the particle size to 8.6-1 6.0 mesh, thereby obtaining a ruthenium oxide catalys supported on utanium ox.de. 
[0389] Incidental^ the calculated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + T0 2 ) X 100 = 1.9% by weight 
[0390] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + TI0 2 ) x 1 00 = 1 .5% by weight 

r03911 Under the same conditions as those of Example 5 except that the amount of the sample was 1 31 c | and the 
Lmountofto,uenewas40m^ 

oas was evolved The content of the OH group of the carrier was 5.6 X 1 0 * (mol/g-camer). 

TO39« rccording\o me same reaction manner as that described in Example 2 except that the catalyst was diluted 
Ly mL B ^ Ts oHhe ruthenium oxide catalyst supported on titanium oxide thus obtained with 10 g of a = o* 
aSfcspherteal (2 mm in size) alumina carrier (SSA995, manufactured by Nikkato Co.) and then charged ,n a quartz 
r^tufe ( nTe dimeter: 12 mm) and that the oxygen gas (192 mWmin.) was passed through he reaction , tube 
me ruction was conducted. 2.0 Hours after the beginning of the reaction, the formats actrvrty of chlor.ne per un.t 
weight of the catalyst was 4.27 X Ifr 4 mol/min.g-calalyst. 

Example 1 1 

T03931 A catalyst was prepared by the following process. That is, a titanium oxide powder (STR-60N. 100% rutile 
Hi syttermtXtured by Sakai Chemical Industry Co.. Ltd.) was previously heated from room temperature to 
700-C Sr air oTer 1 9 canned at the same temperature tor 3 hours. Then. 15.0 g of the calcned one 

was Spped n an lqueous solution of 0.61 g of commercially available ruthenium chloride (RuC^H^, Bj . contenj t 
3^3% by wlht) and 26.7 g o. pure water, evaporated under reduced pressure at 50«C for 4 hours, and then dned 
a^C ^2 hoJrs After dr?ing. the powder was sufficiently ground to obtain a dark green powder. This powder was 
SoVe Tin a solut on of 3 2 g of a 2N potassium hydroxide solution. 52.6 g of pure water and 0.77 g of hydrazine 
TX« JTZZ\L P Lm* und'er nitrogen. Bubbling occurred on dipping. Alter <£^£^£* 
was separated by filtration. To the resulting powder, 500 ml of pure water ^ sadde ^ ,ol ^ we ,^ y ^^9 9 at 
m L,es and further separation by filtration. This operation was repeated seven t,mes. The pH k.1 *°^™* 9 J* 
the first time, and the pH of the wash was 7.5 at the seventh time. To the powder separate - * JOgr ofa 2 
mow of potassium chloride solution was added and. after stirring, the powder was sepa rate ™° 
operation was repeated three times. The resulting solid was dried at 60'C for 4 hours to obtain a gray -P™**£ ° 
hLing from room temperature to 350'C under air over 1 hour, the powder was xalaned »« ^^J^S' 
3 hours. After the completion of the calcination. 500 ml of pure water was added and the m»rture wa 
f urthermore, the powder was separated by f iltration. This operation was repeated five times and. after adding , dropw^e 
an aqueous silver nitrate solution to the wash, it was confirmed that potassium chlonde Is no, ■ 
of a bluish gray powder was obtained by drying this powder at 60'C for 4 hours. The resulting ^^T^ 
adjust the particie size to 8.6-16.0 mesh, thereby obtaining a ruthenium oxide catalys supported on ftamum ox.de. 
4S [0394] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

RuO a /(RuO a + T0 2 ) X 100 = 2.0% by weight 

so [0395] The calculated value of the content of ruthenium was as follows. 

Ru/(RuO z + Ti0 2 ) x 1 00 = 1 .5% by weight 

[0396] Under the same conditions as those of Example 5 except that the amount of the sample was 2.02 1 a land the 
amount of toluene was 40 ml, the content of the OH group of the earner was measured. As a result. 46 ml of a methane 
gas was evolved. The content of the OH group of the carrier was 3.3 X 10 * (mol/g-carr er)^ 

ro397] According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
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by mixing 2 5 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with 10 g of a commercially 
available spherical (2 mm in size) alumina carrier (SSA995, manufactured by Nikkato Co.) and then charged in a quartz 
reaction tube (inner diameter: 12 mm) and that the oxygen gas (192 ml/min.) was passed through the react .on tube 
the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit 
5 weight of the catalyst was 4.32 x 10" 4 moi/min.g-catalyst. 

Example 1 2 

r0398] A catalyst was prepared by the following process. That is, 1 20 of a titanium oxide powder (STR-60N, rutile 
10 crystal manufactured by Sakai Chemical Industry Co.. Ltd.) was kneaded with 76.3 g of pure water and 1 5.8 g of a 
titanium oxide sol (CSB. Ti0 2 content: 38% by weight, manufactured by Sakai Chemical Industry Co.. Ltd.). At room 
temperature a dry air was blown to the kneaded one. which was then dried until suitable viscosity was obtained^ The 
weight loss of water by drying was 10.5 g. After drying, the mixture was sufficiently kneaded again. This kneaded one 
was extruded into a form of a noodle of 1 .5 mm * in size. After drying under air at 60'C for 4 hours, 11 9 g of a white 
is noodle-shaped titanium oxide was obtained. After heating under air from room temperature to 500°C over 1 .4 hours, 
calcination was conducted at the same temperature for 3 hours. After the completion of the calcination, 11 5 g of a white 
extruded titanium oxide was obtained by cutting the noodle-shaped solid into pieces of about 5 mm in size. Then, 50 O 
g of the resulting carrier was impregnated with an aqueous solution prepared by dissolving 2.04 g of commercially 
available ruthenium chloride (RuCfe.nHp, Ru content: 37.3% by weight) in 27.0 g of pure water, and dried at 60"C for 
20 2 hours Then, the resulting solid was dipped in a solution of 10.5 g of a 2N potassium hydroxide solution, 300 g of 
pure water and 2 57 g of hydrazine monohydrate under nitrogen at room temperature, followed by dipping for 1 hour 
with stirring every 1 5 minutes after the reduction, filtration was conducted by using a glass filter. Bubbling occurred on 
dipping 500 ml of pure water was added, followed by washing for 30 minutes and further separation by filtration. This 
operation was repeated five times. The pH of the wash was 8.8 at the first time, and the P H of the wash was 6.8 at the 
25 fifth time To the resulting extruded solid separated by filtration, 1 00 g of a 0.5 mol/l of potassium chloride solution was 
added and. after stirring and allowing to stand 30 minutes, the resulting extruded solid was separated by filtration again. 
This operation was repeated three times. The resulting extruded solid was dried at 60'C for 4 hours to obtain a gray 
solid After heating from room temperature to 350">C under air over 1 hour, the solid was calcined at the same temper- 
ature for 3 hours. After the completion of the calcination, 500 ml of pure water was added and the mixture was stirred 
so and furthermore, the solid was separated by filtration. This operation was repeated five times over 5 hours and. after 
adding dropwise an aqueous silver nitrate solution to the wash, it was confirmed that potassium chloride is not remained. 
Then 50 7 g of a bluish gray extruded ruthenium oxide catalyst supported on titanium oxide was obtained by drying 
this resultant extruded solid at 60*C for 4 hours. Furthermore, the same operation from the impregnation step was 
repeated to obtain 50.8 g of a bluish gray extruded ruthenium oxide catalyst supported on titanium oxide. These cat- 
alysts were mixed to obtain 101.5 g of a bluish gray extruded ruthenium oxide catalyst supported on titanium oxide. 
[0399] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst 
was as follows. 

Ru0 2 /(Ru0 2 + Ti<0 2 (rutil crystal) + TiO a (binder)) X 100 = 2.0% by weight 

[0400] The calculated value of the content of ruthenium was as follows. 

4s Ru/(Ru0 2 + Ti0 2 (rutil crystal) + Ti0 2 (binder)) X 100 = 1 .5% by weight 

[0401] Rutil titanium oxide shows that thermal conductivity of solid phase is 7.5 W/m.°C measured at 200°C. The 
calculated value of the content of rutil litanium oxide as component (B) was as follows. 

[0402] Tr0 2 (rutil crystal)/(Ru0 2 + Ti0 2 (rutil crystal)* TiO a (binder)) X 100 = 93.4 % by weight X-ray diffraction 
50 analysis of the titanium oxide catalyst used was conducted under the same conditions as those of Example 1. As a 
result, the content of the rutile crystal was 97%. 

[0403] According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
by mixing 2 50 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with 10 g of a commercially 
available spherical (2 mm in size) alumina carrier (SS A995, manufactured by Nikkato Co.) and then charged in a quartz 
55 reaction tube (inner diameter: 12 mm) and that the oxygen gas (206 ml/min.) was passed through the reaction tube 
the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit 
weight of the catalyst was 4.83 X 10" 4 mol/min.g-catalyst. 
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[0404] A catalyst was prepared by the following process. That is. 10.0 g of a titanium oxide powder (MT-600B rutile 

Lr.de ! rir oJerThou the powder was calcined at the same temperature for 3 hours. After the complete of he 
caSatL 500 m" oTpuS water was added and the mixture was stirred and, furthermore, the powder was separated 
bv fZt ion This operation was repeated five times and, alter adding dropwise an aqueous s.lver nitrate solution to 

by dTng powder at 60'C for 4 hours. The resulting powder was molded to adjust the part.Ce s.ze to 8.6-16.0 

mesh, thereby obtaining a ruthenium oxide catalyst supported on tilaniurn oxide. 

[040S] Incidentally, the calculated value of the content of ruthenium ox.de was as follows. 

Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 2.0% by weight 
[0406] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) x 100 = 1.5% by weight 

[0407] According to the same reaction manner as that described in Examp.e 2 except mat the catal ya « was diluted 
oTmSingTs g of me ruthenium oxide catalyst supported on titanium oxide thus ob.a.ned w. ,5 i fl of a comm«rc«Hy 
avaiteblespheLu (1 mm in size)a.umina carrier (SSA995, manufactured by ^'^^d^en ch^.n quartz 
reaction tube (inner diameter. 12 mm) and that the hydrogen chlonde gas (211 ml/mm.) and the °7°en sjas p Zll nw 
m" Repaired through thereac.ion.ube, the reacts 

the formation aCivity of chlorine per unit weight of the catalyst was 4.40 X 10- mol/m.n.g-oatalyst. 
Example 14 

[0408] A cata.yst was prepared by the following process. That is, 270 g of pure water and 1 34 g of a 30 wj% titanium 
suSe soTuton (manufactured by Wako Pure Chemical Industry. Ltd.) were mixed at room temperature. The resuWng 
tolu, or was mixed with 10 0 g of a litanium oxide powder (PT-101, 100% rutile crystal, manufactured by Ishrtiara 

~kbh^ 

by dissolving 1 .27 g of commercially available ruthenium chloride (RuCI 3 .nH 2 0 Ru t ^-™*J^$™* 
g of pure water, and then evaporated under reduced pressure at 40'C over 2 hours. After dry.ng at 60 C fo ^2 hours 
fhe powder was sufficiently ground to obtain a b.ack powder. This powder was *pp.d *r a .rtMono 6.6 g«m2H 
potassium hydroxide solution and 28.5 g of pure water at room t^^reJ^anBd by ^^l'^SSS* 
solution of 1 83 g of hydrazine monohydrate and 4.8 g of pure water was added to the suspension under st.rr.ng 
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room temperature under nitrogen. Bubbling occurred on dipping. After 1 hour, the reduced powder was separated by 
filtration. To the resulting powder, 500 ml of pure water was added, followed by washing for 30 minutes and further 
separation by filtration. This operation was repeated five times. The pH of the wash was 8.2 at the M MHm* . and the 
pH I of the wash was 6.6 at the fifth time. To the powder separated by filtration. 48 g of a 2 mol/l of potass.um chloride 
s solution was added and. after stirring, the powder was separated by filtration again. This operation was repeated three 
times. The resulting solid was dried at 60'C for 4 hours to obtain 10.2 g of a black powder. After, heating from room 
temperature to 350-C in an air over 1 hour, the powder was calcined at the sanur tempe 

completion of the calcination, 500 ml of pure water was added and the mixture was stirred and, furthermore . toe powder 
was separated by filtration. This operation was repeated five times and. after adding dropwise an aqueous silver nrtrate 
10 Z£2 to IS wLh. it was confirmed that potassium chloride is not remained. Then. 8.93 g of a black powder was 
ootainTd by drying this powder at 60-C for 4 hours. The resufting powder was molded to adjust the particle s.ze to 
B 6-16 0 mesh, thereby obtaining a ruthenium oxide catalyst supported on titanium oxide. 
[0410] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

« RuCytRuOjj + Ti0 2 ) X 100 = 6.2% by weight 



[0411] The calculated value of the content of ruthenium was as follows. 
20 Ru/(RuO a + Ti0 2 ) X 100 = 4.7% by weight 
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f04121 X-ray diffraction analysis of the titanium oxide catalyst used was conducted under the same conditions as 
those of Example 1. As a result, a peak intensity of a rutile crystal (2 0=27.4- ) wa s1 497 cps.On the contrary a peak 
intensity of an anatase crystal(2 9=25.3' ) was not detected. Consequently, the content of the ruble crystal was ,100* 
r0413] Under the same conditions as those of Example 5 except that the amount of the sample was 2.36 g and the 
amount of toluene was 40 ml. the content of the OH group of the carrier was measured. As a result, 51 ml of a methane 
gas was evolved. The content of the OH group of the carrier was 3.7 X 10-* (mol/g-carrier). 

r04141 According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
by mixing 2.5 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with 10 g of a commercial^, 
available spherical (2 mm in size) alumina carrier (SSA995. manufactured by Nikkato Co.) and then charged ,n a quartz 
reaction tube (inner diameter: 12 mm) and that the hydrogen chloride gas (211 ml/min.) and the oxygen gas (211 ml/ 
min ) were passed through the reaction tube, the reaction was conducted. 2.3 Hours after the beginning of the reaction, 
the formation activity of chlorine per unit weight of the catalyst was 8.18 X 10"« mol/mm.g-catalyst. 



Example 1 5 



r0415l A catalyst was prepared by the following process. That is, a titanium oxide powder (100% rutile crystal, man- 
ufactured by Sakai Chemical Industry Co.. Ltd.) was previously heated from room temperature to 500»C under a.r over 
1 4 hours and calcined at the same temperature for 3 hours. Then, 1 0.0 g of the calcined one was dipped in an aqueous 
solution of 1 34 g of commercially available ruthenium chloride (RuCl,.nH 2 0, Ru content: 37.3% by weight) and 17.8 
g of pure water, evaporated under reduced pressure at 40'C over 2 hours, and then dried at 60°C for 2 hours. After 
drying the powder was sufficiently ground to obtain a blackish brown powder. This powder was dipped in a solution 
of 6 9 g of a 2N potassium hydroxide solution, 30.0 g of pure water and 1 .93 g of hydrazine monohydrate under nitrogen 
at room temperature. Bubbling occurred on dipping. After 1 hour, the reduced powder was separated by filtration. To 
the resulting powder. 500 ml of pure water was added, followed by washing for 30 minutes and further separation by 
filtration This operation was repeated five times. The pH of the wash was 8.7 at the first time, and the pH of the wash 
was 7 4 at the fifth time. To the powder separated by filtration. 50 g of a 2 mol/l of potassium chloride soluUon was 
added and. after stirring, the powder was separated by filtration again. This operation was repeated three tmo^TtM 
resulting solid was dried at 60»C for 4 hours to obtain a black powder. After heating from room temperature to 350 C 
under air over 1 hour, the powder was calcined at the same temperature for 3 hours. After the completion of the 
calcination, 500 ml of pure water was added and the mixture was stirred and. furthermore, the powder was separated 
by filtration. This operation was repeated five times and. after adding dropwise an aqueous silver nitrate solution to 
the wash, it was confirmed that potassium chloride is not remained. Then, 9.7 g of a black powder wm efatonad by 
drying this powder at 60«C lor 4 hours. The resulting powder was molded to adjust the particle size to 8.6-16.0 mesh, 
thereby obtaining a ruthenium oxide catalyst supported on titanium oxide. 
[0416] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
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Ru0 2 /(Ru0 2 + TKD 2 ) X 100 + 6.2% by weight 
[0417] The calculated value of the content of ruthenium was as follows. 

$ 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.7% by weight 

[0418] X-ray diffraction analysis of the titanium oxide catalyst used was conducted under the same conditions as 
10 those of Example 1 . As a result, a peak intensity of a rutile crystal (2 9=27. 4" ) was 907 cps. On the contrary, a peak 
intensity of an anatase crystal (2 9=25.3° ) was not detected. Consequently, the content of the rutile crystal was 100%. 
[0419] Under the same conditions as those of Example 5 except that the amount of the sample was 1 .64 g and the 
amount of toluene was 40 ml, the content of the OH group of the carrier was measured. As a result, 54 ml of a methane 
gas was evolved. The content of the OH group of the carrier was 6.0 X 10' 4 (mol/g-carrier). 
16 [0420] According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
by mixing 2.5 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with 10 g of a commercially 
available spherical (2 mm in size) alumina carrier (SSA995, manufactured by Nikkato Co.) and then charged in a quartz 
reaction tube (inner diameter: 12 mm) and that the hydrogen chloride gas (211 ml/min.) and the oxygen gas (211 ml/ 
min.) were passed through the reaction tube, the reaction was conducted. 1 .8 Hours after the beginning of the reaction, 
20 the formation activity of chlorine per unit weight of the catalyst was 7.85 X 10" 4 mol/min.g-catalyst. 

Example 1 6 

[0421] A catalyst was prepared by the following process. That is, 10. 1 g of a titanium oxide powder (SSP-HJ, anatase 

25 crystal , manufactured by Sakai Chemical Industry Co., Ltd.) was impregnated with an aqueous solution prepared 
previously by dissolving 1.35 g of commercially available ruthenium chloride (RuCI 3 .nH 2 0, Ru content: 37.3% by 
weight) in 4.5 g of pure water, and then dried at 60°C for 2 hours. After drying, the powder was sufficiently ground in 
a mortar to obtain a black powder. To reduce this powder with sodium boron hydride, a solution was prepared by 
dissolving 1 .65 g of sodium boron hydride in 330 g of ethanol and cooled in an ice bath. To this sodium boron hydride 

jo solution, the total amount of ruthenium chloride supported on titanium oxide was added with stirring. Bubbling occurred 
on addition. After 1 hour, the supernatant was removed by decantation. 500 ml of pure water was added, followed by 
washing for 30 minutes and further separation by filtration. This operation was repeated five times. The pH of the wash 
at the first time was 9.3, and the pH of the wash at the fifth time was 5.3. The resulting cake was dried at 60°C for 4 
hours As a result, 9.8 g of a black powder was obtained. Then, the resulting powder was impregnated with an aqueous 

as solution of 1 .21 g of potassium chloride and 4.2 g of pure water. The resulting powder was dried at 60°C for 4 hours. 
After heating from room temperature to 350*C under air over 1 hour, the powder was calcined at the same temperature 
for 3 hours. After the completion of the calcination, 500 ml of pure water was added and the mixture was stirred and, 
furthermore, the powder was separated by filtration. This operation was repeated five times and, after adding dropwise 
an aqueous silver nitrate solution to the wash, it was confirmed that potassium chloride is not remained. Then, 9.3 g 

40 of a black powder was obtained by drying this powder at 60*C for 4 hours. The resulting powder was molded to adjust 
the particle size to 8.6-16.0 mesh, thereby obtaining a ruthenium oxide catalyst supported on titanium oxide. 
[0422] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
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Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6.1% by weight 
[0423] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.7% by weight 

[0424] Under the same conditions as those of Example 5 except that the amount of the sample was 1 .79 g and the 
amount of toluene was 40 ml, the content of the OH group of the carrier was measured. As a result, 1 1 1 ml of a methane 
gas was evolved. The content of the OH group of the carrier was 18.6 x 10' 4 (mol/g-carrier). 

[0425] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride (187 ml/min.) and the oxygen gas (1 99 ml/min.) were passed through the 
reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine 
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per unit weight of the catalyst was 3.59 X 10" 4 mol/min.g-catalyst. 
Example 17 



s [0426] A catalyst was prepared by the following process. That is, 10.0 g of a titanium oxide powder (P25. manufac- 
tured by Nippon AEROSIL Co., Ltd.) was impregnated with an aqueous solution prepared previously by dissolving 1 .34 
g of commercial available ruthenium chloride {RuCI 3 .nH 2 0, Ru content: 37.3% by weight) in 4.8 g of pure water, and 
then dried at 60'C for 2 hours. After drying, the powder was sufficiently ground in a mortar to obtain a black powder. 
To reduce this powder with sodium boron hydride, a solution was prepared by dissolving 1 .56 g of sodium boron hydride 

10 in 330 g of ethanol and cooled in an ice bath. To this sodium boron hydride solution, the total amount of ruthenium 
chloride supported on titanium oxide was added with stirring. Bubbling occurred on addition. After 1 hour, the super- 
natant was removed by decantation. 500 ml of pure water was added, followed by washing for 30 minutes and further 
separation by filtration. This operation was repeated nine times. The pH of the wash at the first time was 9.6, and the 
P H of the wash at the ninth time was 7.7. The resulting cake was dried at 60'C for 4 hours. As a result, a black powder 

is was obtained. Then, the resulting powder was impregnated with an aqueous solution of 1 .22 g of potassium chloride 
and 4.7 g of pure water. The impregnated powder was dried at 60°C for 4 hours. After heating from room temperature 
to 350 B C under air over 1 hour, the powder was calcined at the same temperature lor 3 hours. After the completion of 
the calcination, 500 ml of pure water was added and the mixture was stirred and, furthermore, the powder was separated 
by filtration This operation was repeated five times and, after adding dropwise an aqueous silver nitrate solution to 

20 the wash, it was confirmed that potassium chloride is not remained. Then, 9.5 g of a black powder was obtained by 
drying this powder at 60*C for 4 hours. The resulting powder was molded to adjust the particle size to 8.6-16.0 mesh, 
thereby obtaining a ruthenium oxide catalyst supported on titanium oxide. 
[0427] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 



Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6.2% by weight 
[0428] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.7% by weight 



[0429] X-ray diffraction analysis of the titanium oxide powder used was conducted. As a result, the content of the 
rutile crystal was 17%. 

35 [0430] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride (1 95 mt/min.) and the oxygen gas (1 98 ml/min.) were passed through the 
reaction tube and the internal temperature was adjusted to 299*C, the reaction was conducted. 2.0 Hours after the 
beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.31 X 10^ mol/m.n.g- 

40 catalyst. 

Example 18 

[0431] A catalyst was prepared by the following process. That is, 60 g of a commercially available 100% rutile type 
45 titanium oxide powder (STR-60N, manufactured by Sakai Chemical Industry Co., Ltd.) and 60 g of a a-alumina powder 
(AI31-03 manufactured by Sumitomo Chemical Co., Ltd.) were sufficiently mixed. To the mixed one, a mixed solution 
of 15.8 g of 38wt% Ti0 2 sol (CSB, manufactured by Sakai Chemical Industry Co., Ltd.) and 50 g of pure water was 
added Until suitable viscosity was obtained, the mixture was dried at room temperature under air flow. After drying, 
the mixture was sufficiently kneaded. The weight loss by drying was 1 4 g. This kneaded one was extruded into a form 
so of a noodle of 1 .5 mm 0 in size, followed by drying at 60°C under air for 4 hours using a drier. The weight of the dried 
one was 101 g. Using a muffle furnace, the dried one was heated from room temperature to 500»C in an air over 1 .4 
hours and calcined at the same temperature for 3 hours to obtain 99.5 g of a titanium oxide-ct-alumina carrier. 
[0432] The same operation was repeated to obtain 21 8 g of a titanium oxide-a-alumina carrier. 
[0433] Then, a extruded titanium oxide-a-alumina carrier was obtained by cutting the resulting noodle-shaped ma- 
ss nium oxide-a-alumina carrier into pieces of about 5 mm in size. 

[0434] Then, 2.03 g of commercially available ruthenium chloride (RuCI 3 .nH 2 0, Ru content: 37.3% by weight) was 
dissolved in 1 4 6 g of water, followed by sufficient stirring to obtain an aqueous ruthenium chloride solution. The resulting 
aqueous ruthenium chloride solution was added dropwise to 50 g of the extruded titanium oxide-a-alumina carrier, 
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thereby to support ruthenium chloride by impregnation. The supported one was dried under air at 6Q°C for 2 hours to 
obtain a ruthenium chloride supported on titanium oxide-a-alumina. 

[0435] The resulting ruthenium chloride supported on titanium oxide- a -alumina was added to a mwed solution of 
10 5 g of an aqueous potassium hydroxide solution adjusted to 2 mol/l, 300 g of pure water and 2.54g of hydrazine 

s monohydrate under nitrogen at room temperature, followed by dipping for 1 hour stirring every 15 minutes. At the time 
of dipping, bubbling was observed in the solution. After the reduction, filtration was conducted by using a glass filter 
0 5 liter of pure water was added to the glass filter and, after allowing to stand for 30 minutes, filtration was conducted 
again This operation was repeated five times to obtain a brownish white extruded solid. Then. 1 00 g of an aqueous 
KCI solution adjusted to 0.5 mol/l was added to the resulting extruded solid and, after allowing to stand for 30 minutes, 

10 filtration was conducted under reduced pressure. The same operation was repeated three tirnes 

[0436] The resulting extruded solid was dried under air at 60'C for 4 hours, heated to 350>C under air over 1 hour, 

and then calcined at the same temperature lor 3 hours. 

[0437] 0 5 liter of pure water was added to the calcined one and the mixture was stirred. After allowing to stand for 
30 minutes, further more filtration was conducted by using a glass filter. This operation was repeated five times over 

is 5 hours to remove potassium chloride until white turbidity does not occur when 0.2 mol/l of an aqueous silver ni rate 
solution is added to the filtrate. Then, the resultant was dried in an air at 60°C for 4 hours to obtain 50 g of a bluish 
gray ruthenium oxide catalyst supported on titanium oxide-a-alumina. 

[0438] The same operation was repeated four time to obtain 200 g of a ruthen ium oxide catalyst supported on titanium 

oxide-a-alumina. , .u -.. 

20 [0439] According to the same reaction manner as that described in Example 2 except lhat 2.50 g of the ruthenium 
oxide catalyst supported on titanium oxide-a-alumina thus obtained was diluted with 10 g of a commercially available 
spherical (2 mm in size) alumina carrier (SSA995, manufactured by Nikkato Co.) and then charged in a quartz reaction 
tube (inner diameter: 1 2 mm) and that the oxygen gas (1 92 ml/min.) was passed through the reaction tube, the reaction 
was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the 
25 catalyst was 4.62 X 10" 4 mol/min.g-cataly st. . 

[0440] Then, the controllability of the reaction temperature of the ruthenium oxide catalyst supported on titanium 
oxide-a-alumina was evaluated. 

[0441] That is 40 6 g of the resulting ruthenium oxide catalyst supported on titanium oxide-a-alumina was charged 
in a nickel reaction tube (outer diameter. 29 mm +, inner diameter: 25 mm +. outer diameter of sheath tube for 
30 thermocouple : 6 mm «. The length of the catalyst bed was 9.2 cm and the volume of catalyst was 42 5 ml. 

[0442] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst 
was as follows. 

Ru0 2 /(Ru0 2 + TiQ 2 (rutile crystal ) + a-AI 2 0 3 + TO 2 (binder)) X 1 00 = 2.0% by weight 

[0443] Rutii titanium oxide shows that thermal conductivity of solid phase is 7.5 W/m.'C measured at 200°C. The 
calculated value of the content of rutile titanium oxide as the component (B) was as follows. 

40 Ti0 2 (rutile crystal )/(Ru0 2+ Ti0 2 (rutile crystal ) + a-AI 2 O a + TiQ 2 (binder)) X 100 = 47% by weight 

[0444] a-AI 2 0 3 shows that thermal conductivity of solid phase is 23 W/m.'C measured at 200*C. The calculated 
value of the content of a-alumina as the component (B) was as follows. 
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a-AI 2 0 3 /(Ru0 2 + TiQ 2 (rutile crystal ) + a-AI 2 0 3 + TiQ 2 (binder)) X 100 = 47% by weight 



[0445] The calculated value of 710 2 (binder) used to form this catalyst was 4.7% by weight. 

so [0446] Then the nickel reaction tube was heated in a salt bath of sodium nitrite and potassium nitrate and the hy- 
drogen chloride gas (0.88 Nl/min.) and the oxygen gas (0.53 Nl/min.) were supplied. 3.7 Hours after the beginning of 
the reaction, when the temperature of the salt bath is 260'C, the maximum temperature of the catalyst bed is exhibited 
at the point which is 3 cm from the catalyst bed inlet and the internal temperature (hot spot) became stable at 301 C. 
The gas at the reaction outlet was sampled by passing it through an aqueous 30 % potassium iodide solution and 

55 then the amount of chlorine formed and amount of the non-reacted hydrogen chloride were respectively determined 
by iodometric titration and neutralization titration . As a result, the conversion of hydrogen chloride was 50.4%. 
[0447] Furthermore, the bath temperature was raised by 1 1 • C in total over 5 hours and 50 minutes to make it constant 
at 271«>C As a result, the internal temperature became stable at 331 .4'C. Even after 10 minutes, the bath temperature 
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was constant at 271*C and the internal temperature was stable at 331.5'C. and the temperature was satisfactory 

^^Furthermore, the bath temperature was raised by 8*C In total over t hour and 15 minutes to 
55c as a result, me internal temperature became stable at 351 .9'C. Even after 10 minutes, the bath temperature 
s waf con^t !£S*C and the internal temperature was stable at 351.9'C. and the temperature was satisfactorily 
controlled. 

Example 19 

10 10449] A catalyst was prepared by the following process. That is. 0.81 g of commercially available ruthenium chloride 
E„ muc h O Ru content- 37 3% by weight) was dissolved in 6.4 g of water, followed by sufficient stirring to 
oSaq^ 

ox ^carrier powder (P-25. manufactured by Nippon AEROSIL Co.. Ltd.). thereby to 

fmpreqnation The supported ruthenium chloride on titanium oxide powder was ground and then s uff^cie m"xed 
u^thTwhole color became homogeneous yel.ow.sh greea 20 2 g of a -PPf"^ 
oxide was obtained by dying the supported one under air at 60'C for 2 hours. The same operatton was repeated lw.ce 

52T " 3K supported ruthenium ch,oride on titanium oxide was added to a j^jjjj 

oftSgoianaqueouspotassium hydroxide solution adjusted to 2 mol/l. 1 40 g o, 

monohydrate with stirring under nitrogen at room temperature, followed by s.irnng at room temperature for 60 minutes. 
Then, the mixed solution was filtered by using a glass filter to obtain a beige cake. 

[0451] 0.5 liter of pure water was added to the resulting cake and filtration was conducted aga.n by us.ng a glass 
filter This operation was repeated five times to obtain a brownish white cake. 

S T^en 200 g of an aqueous KCI solution adjusted to 0.25 moW was added to the resulting cake and. after 
LSg to stand for 30 minutes, fi.tration was conducted under reduced pressur. The same operafon was repeated 
fhfee lilt obtain a brownish white cake. The resulting cake was dried under air at 60»C for 4 hou^and ground 
bv usinTa mortar to obtain 39.4 g of greenish gray powder. Then. 8 g of the resulting greemsh gray powder and 8 I g 
oT« a"umine po^er7AES-12. manufactured by Sumitomo Chemical Co.. Ltd.) were sufficient* mixed. To the mixed 
of a -alumina powder (ak» 1 *- m » (CSB manufactured by Sakai Chemical Industry Co.. Ltd.) and 4.0 

bv kneadina The amount of pure water added is 0.45 g. The kneaded one was extruded mto a form of a noodle of 1.5 
mJ Z in Se foto™ by Sg at 60°C under under air for 4 hours using a drier. The weight of the dried one was 
5 93 a U*g' InteiZaZ. the dried one was heated from room temperature to 350'C under air over 1 hour and 
ca!cin^ U **e «me temperature for 3 hours. Then. 0.5 liter of pure water was added to the calcined one and filtra on 

solid was dried under air at 60'C for 4 hours using a drier to obtain 5.86 g of a catalyst. Then, a bluish gray extruded 
rrenlum oxide Stafyst supported on titanium oxide mixed with a-a.umina was obtained by cutting the resulung solid 

was as follows. 

Ru0 2 /(Ru0 2+ Ti0 2 (catalyst carrier component ) + a- AI 2 C- 3 + Ti0 2 (binder)) X 100 = 1 .0% by weight 

[0454] a-AI 2 0 3 shows that thermal conductivity of solidphase is 23 W/m.»C measured at 200«C. fine calculated value 
of the content of a-alumina as the component (B) was as follows. 

a-AI 2 O a (component (B))/(Ru0 2 + Ti0 2 (catalyst carrier 
component ) + <x-AI 2 0 3 + TiO a (binder)) x 100 = 47.1% by weight 

[04S5] The calculated value of the content of Ti0 2 (binder) used to form this catalyst was .4.8% by weight 
0456 According to the same reaction manner as that described in Example 2 except that the cata y A was diluted 
Lymixing 2.50 g of the ruthenium oxide catalyst supported on titanium oxide mixed with a -alumina thus i obtoned wrth 
5 y g of a comme^ialfy available spherical (1 mm in size) « -a.umina carrier (SSA995. 

and then charged in a quartz reaction tube (inner diameter: 1 2 mm) and that the oxygen gas (211 ml/mm. ) and hydrogen 
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chloride gas (211 ml/min.) was passed through the reaction tube, the reaction was conducted 1 .8 Hoursafter the 
beginning ol the reaction, the formation activity of chlorine per unit weight of the catalyst was 3.05 X 10* mol/min.g- 

rwSl Then, the controllability of the ruthenium oxide catalyst supported on titanium oxide mixed with a -alumina 

* rMSer'^atls. 5 g of the catalyst thus obtained was charged in a quartz reaction tube (outer diameter: 15 mra in ner 
diameter 12 mm) without being diluted with an o -alumina sphere. The hydrogen chloride gas (132 ml/mm.) and fte 
Sen aas 092 ml/min ") were supplied. Then, the quartz reaction tube was heated in a electric furnace and he 
Z'Z ZS££U U) wasadiusted to 300-0. 1 .8 Hours after the ^^^^^^ 

io of hvdroaen chloride was 21%. Furthermore, the furnace temperature was slowly raised, step by step, by 1 C. 5.7 
Hours X the beginning of the reactton, the internal temperature became stable at 328-C. ™homjore the urnace 
temperature was raised by 3»C over 32 minutes. As a result, the internal temperature became stable at 335 C. and 
the temperature was satisfactorily controlled. 

15 Example 20 

r0459] A catalyst was prepared by the following process. That is, 6.02 g of a spherical (1 -2 mm in size) 5 wt% metal 
uThVnium cllyst supported on titanium oxide (manufactured by N.E. Chemcat Co.. Ltd. titanium ox,de .s anatase 
crysta ls impregnated with an aqueous potassium chloride solution adjusted to O.Smol/. until water oozes out on 
zo 'he surface o, the catalyst, and then dried under air at 60»C, for 10 to 60 minutes. This operation was repeated Uw«e. 
TheamountofthepotaLiumchtoridesol 

The total amount was S.83g. The calculated value of the molar ratio of the amount of potasstum chlonde added to a 
Ru atom in the catalyst becomes 1:1. This solid was dried under air a. 60»C tor 4 hours, and heated f ™ ™£ te"v 
perature to 3S0'C under air over about 1 hour, and then calcined at the same temperature for 3 hours to obtain a 
spherical solid. 0.5 liter of pure water was added to the resulting solid and the solid followed by st.rr.ng at room tern- 
perature for 1 minutes. Then, the solid was filtered. This operation was repealed tour t,mes unt.l wh.te turb.d.ty does 
not occur when 0.2 moW of an aqueous silver nitrate solution is added to the filtrate. 

[0460] Then, the resulting solid was dried in an air at 60'C for 4 hours to obtam 5.89 g of a bluish black 6.6 wt /•> 
ruthenium oxide catalyst supported on titanium oxide. - nha rir«l a 8 

[04611 According to the same reaction manner as that described in Example 2 except that 2.5 g of he sphenca 6^6 
wt% ruthenium oxide catalyst supported on titanium oxide obtained was charged in a quartz react™ tube and that he 
hydrogen chloride gas (187 ml/min.) and the oxygen gas (199 ml/min.) were passed through the reaction tube, the 
reason was conducted 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per un,t we.ght 

of the catalyst was 4.07 X 10' 4 mol/min.g-catalyst. 

[0462] Then, 10 g of the spherical 6.6 wt% ruthenium oxide catalyst supported on titanium ox.de was prepared by 

the same process as described above. 

[0463] Then, the mixture catalyst system which comprises the molding of ruthenium ox.de catalyst supported on 
titanium oxide and the molding of a-alumina was evaluated whether the catalyst system can attain , enough reason 
conversion by keeping the whole catalyst bed at sufficient temperature for des.rable reaction rate in the ox.dat.on of 
40 hydrogen chloride That is. 9.84 g (10 ml) of the mo.ding of the resulting 6.6 wt% ruthenium ox,de catatyst, supported 
on titanium oxide was sufficiently mixed with 65.3 g (30 ml) of a-alumina (SSA995. sphere of 2 mm .n 
by Nikkato Co., Ltd.) and was charged In a quartz reaction tube (outer diameter: 25 mm outer diameter of sheath 
tube for thermocouple :4mm«. The length of catalyst bed was 11 cm. ,«^*.„.toi«i 
[0464] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst 
45 was as follows. 

RuOg/fRuOa + Ti0 2 (catalyst carrier component ) + a- Al 2 0 3 ) X 100 = 0.86% by weight 

so [0465] a-ALO, shows that thermal conductivity of solid phase is 23 W/m.'C measured at 200'C. The calculated 
value of the content of a-alumina as the component (B) of the catalyst system was as follows. 

a-AI,0,/(RuO, + TiO a (catalyst carrier component ) * a -Al 2 0 3 ) X 100 = 86.9% by weight 
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[0466] Then, the quartz reaction tube was heated In a electric furnace and the hydrogen chloride gas I ml mln.) 
and the oxygen gas (300 ml/min.) were supplied. 1 Hour and 15 minutes after the begmn ng of he supply^ oU hydrogen 
chloride and oxygen when the temperature of the electric furnace was 306-C. the mux.mum temperature (hot spot) 
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of the catalyst bed was exhibited at the point of 4.5 cm from the catalyst bed inlet and the internal temperature became 
s^eat^S^ 

weight of the catalyst was 14.9 mot chlorine/l-catalyst systerrvh. 
Example 21 

10 [04671 The controllability of the reaction temperature of the mixture catalyst system which J* n ^ n " J 

Surr I oxide catalyst supported on titanium oxide and the molding of a-alumina was •«^. TI ?*£ 1 j£ 
ml r^ino 6 6 wt% ruthenium oxide catalyst supported on titanium oxide(anatase crystal) obtained by the same 
XrS-estof SKI sufJently mixed with 86.3 g of a-alumina (SSA995 sphere o, <i ^ 
manufactured by Nikkato Co., Ltd.) and was charged in a nickel reaction tube (inner diameter. 18 mm*, outer diameter 

is of sheath tube lor thermocouple e: 5 mm *). The length of the catalyst system bed was 54 cm thecala|yst 
[0468] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst 
was as follows. 

HuO^RuCV T.0 2 (catalyst carrier component ) + a- Al 2 0 3 ) X 100 = 3.2% by weight 

[04691 a-AI 2 0, shows that thermal conductivity of solid phase is 23 W/m.'C measured at 200'C. The calculated 
value of the content of a-alumina as the component (B) of the catalyst system was as follows. 

2S «-AI 2 CV(Ru0 2 + Ti0 2 (catalyst carrier component ) + a -Al 2 0 3 ) x 100 = 52.4% by weight 

r04701 Then the nickel reaction tube was heated in a salt bath of sodium nitrite and potassium nitrate and the hy- 
Sogen chloHde gas (6.1 l/min.) and the oxygen gas (3.05 *nin.) were supplied 1.6 ^^X^JSSSZS!l 

30 reaction, when the temperature of the salt bath is 280'C, the max>mum tem e° ra «7 o ^ e 

the point which is 10 cm from the catalyst bed inlet and the .nterna. temperature hot spot becarm .stable * 291 a 
Furthermore; the bath temperature was raised by 21 °C over 43 minutes to make .t constanl ' * £ * a "T^ ' *° 
internal temperature became stable at 322'C. Furthermore, the bath temperature was ra secT by 14 C o ver 1 our an d 
40 minutes to make it constant at 315'C. As a result, the interna, tempera ure became ^ta^B6PCJ&«. atteMS 

3S minutes, the bath temperature was constant at 315'C and the internal temperature was stable at 355 C. and the 
temperature was satisfactorily controlled. 



Example 22 



iO ro4711 A catalyst was prepared by the following process. That is, 30.0 g of a titanium oxide powder (No. 1 , analase 
S manuTactur^o by Catalysts \ Chemicals Industries Co.. Ltd.) was kneaded with 9.0 g of a crys.all.ne cellulose 
manured by MERCK Co.)! 24.4 g o, a titanium oxide so. (CSB T,02 content: 38% by weight. 
sakai Chemical Industry Co Ltd.) and 25.4 g of water. The kneaded one was dried at 60«C and the resultant was 
mouiJiTn^ rod-shaped solid was dried at 60«C (or 4 hours to obtain 48.8 g of a white sold. 

« T^Ssold TwThVaL to 500-C under air over 3 hours and canned at the ^ZTo^v ZT* 
obtain 37 1 g of a white rod-shaped titanium oxide carrier. Then, the resulting solid was ground to obta.n 27.0 g of a 

^solving 2 05 g of commercially available ruthenium chloride hydrate (RuCl^O, Ru content: 37.3% by w*ght) 

so in90go. P urewater.andd^^^ 

supported on the titanium oxide was taken out. Then, a solution of 1.11 g of sodium "oron hydr.de (NaBH*) 4.0 g o^ 
waterand42 1 g of ethanol was prepared. Afterthe solution was sufficiently cooled .nan ,ce bath 5.5 g of the ruthenium 
Sor de supported on titanium oxide was added and ruthenium chloride was reduced. A, th,s ,ma '«^ b g 
served in the solution. After the bubbling was tenninated, the reduced solid was separated by flllratic« • 

ss a^ain with 500 ml of pure waterfor 30 minutes, the solid was separated by filtration. This operaiion was repeated f.ve 
rimes Ten, thiTso id' was dried a. 60'C for 4 hours to obtain 5.0 g of a bluish black solid. Then this sohd Impreg- 
nated wtth a solution prepared by dissolving 0.60 g of potassium chloride in 2.9 g of pure water, and dried at 60 C for 
4 hours' he dried one L heated to 350'C in an air over 1 hour and calcined at the same temperature for 3 hours. 
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Then, the calcined solid was washed with 500 ml of pure water and then separated by filtration. This operation was 
repeated five times. After adding dropwise an aqueous silver nitrate solution to the filtrate, it was confirmed that po- 
tassium chloride is not remained. Alter washing, the solid was dried 60°C for 4 hours to obtain 5.1 g of a bluish black 
ruthenium oxide catalyst supported on titanium oxide having a particle size of B.6-16 mesh. The pore radius of the 
6 resulting catalyst was within a range from 0.04 to 0.4 micrometer. The pore distribution curve of this catalyst measured 
by a mercury porosimeter is shown in figure 4. 

[0473] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + Ti0 2 ) x 1 00 = 6. 3% by weight 
[0474] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.6% by weight 

15 

[0475] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that Ihe hydrogen chloride as (187 ml/min.) and the oxygen gas (199 ml/min.) was passed through 
20 the reaction tube and the internal temperature was adjusted to 30rc, the reaction was conducted. 2.0 Hours after the 
beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.87 X 10" 4 mol/min.g- 
catalyst. 

Example 23 

25 

[0476] A catalyst was prepared by the following process. That is, 26.5 g of a titanium oxide powder (No. 1 , manu- 
factured by Catalysts & Chemicals Industries Co., Ltd.) was kneaded with 8.0 g of a fibrous cellulose (filter paper 5B, 
manufactured by Toyo Roshi Kaisha Ltd. ) dispersed in water, 20.9 g of a titanium oxide sol (CSB. TiO a content: 38% 
by weight, manufactured by Sakai Chemical Industry Co., Ltd.) and water. The kneaded one was dried at 60*C and 
30 the resultant was molded into a rod-shaped solid. This rod-shaped solid was dried at 60° C for 4 hours to obtain 41 . 1 
g of a white solid. The resulting solid was heated to 500°C under air over 3 hours and calcined at the same temperature 
for 5 hours to obtain 31 .5 g of a white rod-shaped titanium oxide cattier. Then, the resulting solid was ground to obtain 
20.4 g of a solid having a particle size of 8.6-16 mesh. 

[0477] Then, 5.0 g of the titanium oxide carrier thus obtained was taken out and impregnated with a solution prepared 

35 by dissolving 0.73 g of commercially available ruthenium chloride hydrate (RuCl3.nH 2 0, Ru content: 35.5% by weight) 
in 2.8 g of pure water, and dried at 60°C for 2 hours, thereby to support ruthenium chloride. Then, a solution of 0.52 g 
of sodium boron hydride (NaBH 4 ), 2.0 g of water and 40.0 g of ethanol was prepared. After the solution was sufficiently 
cooled in an ice bath, an already prepared ruthenium chloride supported on titanium oxide was added and ruthenium 
chloride was reduced. At this time, bubbling was observed in the solution. After the bubbling was terminated, the 

40 supernatant was separated by decantation . 200 ml of water was added to the reduced solid, followed by decantation. 
This operation was repeated five times. After adding 200 ml of water, the pH was 9.4. The pH was then adjusted to 
7.1 by pouring 4.0 g of 0.1 N HCI into this solution. The supernatant was removed by decantation. After washing again 
with 500 ml of pure water for 30 minutes, the solid was separated by filtration. This operation was repeated five times. 
The pH of the filtrate at the fifth time was 7.1 . Then, this solid was dried at 60°C for 4 hours to obtain 5.0 g of a bluish 

45 black solid. Then, this solid was impregnated with a solution prepared by dissolving 0.20 g of potassium chloride in 
2.8 g of pure water, and dried at 60°C for 4 hours. The dried one was heated to 350 a C under air over 1 hour and 
calcined at the same temperature for 3 hours. Then, the calcined solid was washed with 500 ml of pure water and then 
separated by filtration. This operation was repeated five times. After adding dropwise an aqueous silver nitrate solution 
to the filtrate, it was confirmed that potassium chloride is not remained. After washing, the solid was dried 60° C for 4 

50 hours to obtain 4.9 g of a bluish black ruthenium oxide catalyst supported on titanium oxide having a particle size of 
8.6-1 6 mesh. The pore radius of the resulting catalyst was within a range from 0.04 to 5 micrometer. The pore distribution 
curve of this catalyst measured by a mercury porosimeter is shown in figure 5. 
[0478] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

55 Ru0 2 /(Ru0 2 + Ti0 2 ) X 1 00 = 6.3% by weight 

[0479] The calculated value of the content of ruthenium was as follows. 
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Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.8% by weight 

[0480] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
s oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride as (187 ml/min.) and the oxygen gas (1 99 ml/min.) was passed through 
the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of 
chlorine per unit weight of the catalyst was 4.62 x 10* 4 mol/min.g -catalyst. 

10 Example 24 

[0481] A catalyst was prepared by the following process. That is, 40.3 g of a titanium oxide powder (No. 1 , manu- 
factured by Catalysts & Chemicals Industries Co., Ltd.) was kneaded with 1 2.8 g of a fibrous cellulose (filter paper 5B, 
manufactured by Toyo Roshi Kaisha Ltd.) dispersed in water, 31.5 g of a titanium oxide sol (CSB, TiO z content: 38% 

is by weight, manufactured by Sakai Chemical Industry Co., Ltd.) and water. The kneaded one was dried at 60 9 C and 
the resultant was molded into a rod-shaped solid. This rod-shaped solid was dried at 60 a C for 4 hours to obtain 64.3 
g of a white solid. The resulting solid was heated to 500°C under air over 3 hours and calcined at the same temperature 
for 5 hours to obtain 48.5 g of a white rod-shaped titanium oxide cattier. Then, the resulting solid was ground to obtain 
28.0 g of a solid having a particle size of 8.6-16 mesh. 

20 [0482] Then, 5.1 g of the titanium oxide carrier thus obtained was taken out and was impregnated with a 0.5N po- 
tassium hydroxide solution until water oozed out on the surface of the carrier , and then dried at 60°C for 2 hour. The 
impregnation amount of the aqueous potassium hydroxide solution was 3.6 g at this time. The resulting carrier was 
impregnated with a solution prepared by dissolving 0.71 g of commercially available ruthenium chloride hydrate (RuCfe. 
nH 2 O t Ru content: 35.5% by weight) in 3.0 g of ethanol, and immediately dried at 60*0 for 2 hours, thereby to support 

25 ruthenium chloride. Then, a solution of 0.55 g of sodium boron hydride (NaBKi), 2.0 g of water and 42.3 g of ethanol 
was prepared. After the solution was sufficiently cooled in an ice bath, an already prepared ruthenium chloride supported 
on titanium oxide was added and ruthenium chloride was reduced. At this time, bubbling was observed in the solution. 
After the bubbling was terminated, the supernatant was removed by decantation. 200 ml of water was added to the 
reduced solid, followed by decantation. This operation was repeated five times. After adding 200 ml of water, the pH 

30 was 9.2. The pH was then adjusted to 6.7 by pouring 3.6 g of 0.1 N HCI into this solution. The supernatant was removed 
by decantation. After washing again with 500 ml of pure water for 30 minutes, the solid was separated by filtration. 
This operation was repeated five times. Then, this solid was dried at 60°C for 4 hours to obtain 5.2 g of a bluish black 
solid. Then, this solid was Impregnated with a solution prepared by dissolving 0.63 g of potassium chloride in 3.2 g of 
pure water, and dried at 60*C for 4 hours. The dried one was heated to 350°C under air over 1 hour and calcined at 

35 the same temperature for 3 hours. Then, the calcined solid was washed with 500 ml of pure water and then separated 
by filtration. This operation was repeated five limes. After adding dropwise an aqueous silver nitrate solution to the 
filtrate, it was confirmed that potassium chloride is not remained. After washing, the solid was dried 60°C for 4 hours 
to obtain 5.1 g of a bluish black ruthenium oxide catalyst supported on titanium oxide having a particle size of 8.6-16 
mesh. The pore radius of the resulting catalyst was within a range from 0.04 to 6 micrometer. The pore distribution 

40 curve of this catalyst measured by a mercury porosimeter is shown in figure 6. 

[0483] Furthermore, the thickness of the Ru0 2 layer was measured by using a magnifying glass having graduation . 
As a result, ruthenium oxide was supported at the location which Is 0.3 mm from the outer surface. The measured 
particle size of the catalyst was 1 .5 mm. With respect to the range S/L wherein ruthenium oxide is supported on the 
surface of the catalyst, L and S were determined as described above. As a result, the calculated value of S/L was 0.2. 

45 [0484] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6.2% by weight 

so [0485] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.7% by weight 

ss [0486] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride gas (195 ml/min.) and the oxygen gas (198 ml/min.) was passed through 
the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of 
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chlorine per unit weight of the catalyst was 4.30 x 10"» mol/min.g-catalyst. 
Example 25 

s [0487] A catalyst was prepared by the following process. That Is, 5. 1 g of a spherical (1 -2 mm + in size) titanium 
oxide carrier (CS300S-12. manufactured by Sakai Chemical Industry Co.. Ltd.) was impregnated with a 2 moM am- 
monium hydrogencarbonate solution until water oozed out on the surface of the carrier , and then dried at 60 C for 2 
hour. The resting carrier was impregnated with a solution prepared by dissolving 0.71 g of commercia ly avartable 
ruthenium chloride hydrate (RuCI 3 .nH a O. Ru content: 35.5% by weight) in 2.2 g of ethanol . anc 

10 60-C for 2 hours, thereby to support ruthenium chloride. Then, a solution of 0.50 g of sodium boron hydride (NaBH*) 
and 60.9 g of ethanol was prepared. Alter the solution was sufficiently cooled in an ice bath, an already P«pared 
ruthenium chloride supported on titanium oxide was added and ruthenium chloride was reduced. At this t.me. bubblhng 
was observed in the solution. After the bubbling was terminated, the supernatant was removed by Recantation. 200 
ml of water was added to the reduced solid, followed by decantatlon. This operation was repeated five times. After 

T5 adding 200 ml of water, the pH was 4.5. The added pure water was removed by decantation. After washing again with 
500 ml of pure water for 30 minutes, the solid was separated by filtration. This operation was repeated five imesjhe 
P H of the wash at the fifth time was 5.2. Then, this solid was dried at 60'C for 4 hours to obtain 5.4 g of a bluish black 
solid. Then, this solid was impregnated with a solution prepared by dissolving 0.1 9 g of potassium chloride in 1.9 g o 
pure water, and dried at 60"C for 4 hours. The dried one was heated to 350»C under air over 1 hour and calcined at 

zo The same temperature for 3 hours. Then, the calcined solid was washed with 500 ml of pure water for 30 minutes and 
then separated by filtration. This operation was repeated five times. After adding dropwise an aqueous silver nitrate 
solution to the filtrate, it was confirmed that potassium chloride is not remained. After washing, the sohd was dried 
60'C for 4 hours to obtain 5.4 g of a black ruthenium oxide catalyst supported on titanium oxide. Furthermore, the 
thickness of the RuO, layer was measured by EPMA. As a result, ruthenium oxide was supported at the location which 

zs isO 15-0 25 mm from the outer surface. The measured particle size of the catalyst was within a range from 1.4 to 1.6 nm 
[0488] The calculated value of the range S/L wherein ruthenium oxide is supported on the surface of the catalyst 
was within a range from 0.09 to 0.18. 

[0489] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
30 Ru0 2 /(Ru0 2 + Ti0 2 ) X 1 00 = 6. 1 % by weight 

[0490] The calculated value of the content of ruthenium was as follows. 
3S Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.6% by weight 

r04911 According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
40 in Example 2 and that the hydrogen chloride as (1 87 ml/min.) and the oxygen gas (1 99 ml/min.) was passed through 
the reaction tube and the internal temperature was adjusted to 302°C, the reaction was conducted. 2,0 Hours after the 
beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.47 X 10 mol/min.g- 
catalyst. 

4S Example 26 

[0492] A catalyst was prepared by the following process. That is, 5.0 g of a spherical (1-2 mm * in size) titanium 
oxide carrier (CS300S-12, manufactured by Sakai Chemical Industry Co.. Ltd.) was impregnated with a 2 mol/l am- 
monium carbonate solution until water oozed out on the surface of the carrier , and then dried at 60 C for 2 hours. The 

so resulting carrier was impregnated with a solution prepared by dissolving 0.70 g of commercially available ruthenium 
chloride hydrate <RuCI 3 .nH 2 0. Ru content: 35.5% by weight) in 1 .5 g of ethanol . and immedately dried at 60 C for 2 
hours, thereby to support ruthenium chloride. Then, a solution of 0.50 g of sodium boron hydride (NaBH 4 ). 2.1 g of 
water and 41 .1 g of ethanol was prepared. After the solution was sufficiently cooled in an ice bath, an already prepared 
ruthenium chloride supported on titanium oxide was added and ruthenium chloride was reduced^At this time, bubbhng 

ss was observed in tho solution. Alter the bubbling was terminated, the supernatant was removed by decantatlon. 200 
ml of water was added to the reduced solid, followed by decantatlon. This operation was repeated five times. After 
adding 200 ml of water, the pH was 3.9. The added pure water was removed by decantation. After washing again wrth 
500 ml of pure waterfor 30 minutes, the solid was separated by filtration. This operation was repeated five ttmes. The 
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pH of the wash at the fifth time was 5.6. Then, this solid was dried at 60°C for 4 hours to obtain 5.3 g of a black solid. 
Then, this solid was impregnated with a solution prepared by dissolving 0.19 g of potassium chloride in 1.9 g of pure 
water, and dried at 60°C for 4 hours. The dried one was heated to 350°C under air over 1 hour and calcined at the 
sametemperature for 3 hours. Then, the calcined solid was washed with 500 ml of pure water and then separated by 

s filtration. This operation was repeated five times. After adding dropwise an aqueous silver nitrate solution to the filtrate, 
it was confirmed that potassium chloride is not remained. After washing, the solid was dried 60* C for 4 hours to obtain 
5 2 g of a black ruthenium oxide catalyst supported on titanium oxide. Furthermore, the thickness of the RuCfe layer 
was measured by EPMA. As a result, ruthenium oxide was supported at the location which is 0.1 9-0.30 mm from the 
outer surface. The measured particle size of the catalyst was within a range from 1 .5 to 1 .6 mm. 

10 [0493] The calculated value of the range S/L wherein ruthenium oxide is supported on the surface of the catalyst 
was within a range from 0. 1 3 to 0. 1 9. 

[0494] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
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RuOjjARuCX, + Ti0 2 ) X 100 = 6.2% by weight 

[0495] The calculated value of the content of ruthenium was as follows. 

Ru/(RuO z + Ti0 2 ) X 100 = 4.7% by weight 

[0496] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride as (187 ml/min.) and the oxygen gas (199 ml/min.) was passed through 
2S the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of 
chlorine per unit weight of the catalyst was 4.34 X 10* 4 mol/min.g -catalyst. 

Example 27 

30 [0497] A catalyst was prepared by the following process. That is, 5.0 g of a spherical (1-2 mm % in size) titanium 
oxide carrier (CS300S-1 2. manufactured by Sakai Chemical Industry Co., Ltd.) was impregnated with a 2.0N potassium 
hydroxide solution until water oozed out on the surface of the carrier , and then dried at 60°C for 2 hours. The resulting 
carrier was impregnated with a solution prepared by dissolving 0.71 g of commercially available ruthenium chloride 
hydrate (RuCI 3 .nH 2 0, Ru content: 35.5% by weight) in 3.0 g of ethanol , and immediately dried at 60°C for 2 hours. 

3S thereby to support ruthenium chloride. Then, a solution of 0.57 g of sodium boron hydride (NaBH 4 ), 2.0 g of water and 
42.5 g of ethanol was prepared. After the solution was sufficiently cooled in an ice bath, an already prepared ruthenium 
chloride supported on titanium oxide was added and ruthenium chloride was reduced. At this time, bubbling was ob- 
served in the solution. After the bubbling was terminated, the supernatant was removed by decantation. 200 ml of 
water was added to the reduced solid, followed by decantation. This operation was repeated five times. After washing 

40 again with 500 ml of pure water for 30 minutes, the solid was separated by filtration. This operation was repeated five 
times. Then, this solid was dried at 60°C for 4 hours to obtain 5.1 g of a black solid. Then, this solid was impregnated 
with a solution prepared by dissolving 0.1 9 g of potassium chloride in 1 .8 g of pure water, and dried at 60°C for 4 hours. 
The dried one was heated to 350°C under air over 1 hour and calcined at the same temperature for 3 hours. Then, 
the calcined solid was washed with 500 ml of pure water for 30 minutes and then separated by filtration. This operation 

45 was repeated five times. After adding dropwise an aqueous silver nitrate solution to the filtrate, it was confirmed that 
potassium chloride is not remained. After washing, the solid was dried 60*C for 4 hours to obtain 5.1 g of a black 
ruthenium oxide catalyst supported on titanium oxide. Furthermore, the thickness of the Ru02 layer was measured by 
EPMA. As a result, ruthenium oxide was supported at the location which is 0.11-0.18 mm from the outer surface. The 
measured particle size of the catalyst was within a range from 1.5 to 1.7 mm. 

so [0498] The calculated value of the range S/L wherein ruthenium oxide is supported on the surface of the catalyst 
was within a range from 0.06 to 0.11. 

[0499] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
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Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6.2% by weight 
[0500] The calculated value of the content of ruthenium was as follows. 
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Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.7% by weight 

[0501] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
s oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner as that 
in Example 2 and that the hydrogen chloride as (187 ml/min.) and the oxygen gas (199 ml/min.) was passed through 
the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of 
chlorine per unit weight of the catalyst was 4.29 x 10" 4 mol/min.g-catalyst. 

10 Example 28 

[0502] A catalyst was prepared by the following process. That is, 122 g of chromium nitrate enneahydrate was dis- 
solved in 600 ml of pure water and the solution was heated to 42 °C. Then, 130 g of 25 wt % ammonia water was 
added dropwise over 2 hours with stirring, followed by stirring at the same temperature for additional 30 minutes. The 

is formed precipitate was separate by filtration under reduced pressure. 1 liter of water was added to the formed precip- 
itate, followed by stirring and further filtration under reduced pressure. After the precipitate was washed by repeating 
this operation five times, and then dried at 60°C to obtain a bluish green solid. The resulting bluish green solid was 
ground, and heated under air from room temperature to 375°C over 1 hour, and then calcined at the same temperature 
for 3 hours to obtain 23.5 g of a black chromium oxide powder. 

20 [0503] Then, 0.89 g of commercially available ruthenium chloride hydrate (RuCI 3 .nH 2 O f Ru content: 35.5% by weight) 
was dissolved in 2.16 g of pure water to obtain an aqueous ruthenium chloride solution. 1.64 g of the resulting aqueous 
solution was added dropwise until the pores of the 6.0 g of chromium oxide are nearly impregnated with the aqueous 
solution, followed by drying at 60°C. Then, 1.40 g of the remaining aqueous ruthenium chloride solution was added 
dropwise to the chromium oxide carrier, thereby to support the total amount of ruthenium chloride by impregnation to 

25 obtain a black powder. The resulting black powder was dried in an air at 60°C, heated under air from room temperature 
to 350°C over 1 hour, and then calcined at the same temperature for 3 hours to obtain 6.3 g of a black powder. The 
resulting powder was molded to adjust the particle size to 12-18.5 mesh, thereby to obtain a calcined catalyst of ru- 
thenium chloride supported on chromium oxide. 

[0504] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

30 

Ru0 2 /(Ru0 2 + TO 2 ) X 100 = 6.5% by weight 
[0505] The calculated value of the content of ruthenium was as follows. 

35 

Ru/(Ru0 2 + Ti0 2 ) X 100 = 4.9% by weight 

[0506] According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
40 by sufficiently mixing 2.5 g of the calcined ruthenium chloride supported on chromium oxide thus obtained with 5 g of 
a titanium oxide carrier adjusted to 1 2-18.5 mesh and then charged in a quartz reaction tube (inner diameter: 12 mm) 
and that the hydrogen chloride gas (200 ml/min.) and the oxygen gas (200 ml/min.) were passed through the reaction 
tube and the internal temperature was adjusted to 301 °C, the reaction was conducted. 2.2 Hours after the beginning 
of the reaction, the formation activity of chlorine per unit weight of the catalyst was 6.1 X 10- 4 mol/min.g-catalyst. The 
45 formation activity of chlorine per unit weight of Ru was 124 X 10* 4 mol/min.g-catalyst. 

Example 29 

[0507] A catalyst was prepared by the following process. That is, 1.10 g of commercially available ruthenium chloride 
so hydrate (RuCI 3 .nH 2 0, Ru content: 35.5% by weight) was dissolved in 1000 ml of an aqueous 0.1 mol/l hydrochloric 
acid solution, and the solution was allowed to stand for 30 minutes. Then, 7.5 g of the chromium oxide powder obtained 
in Example 30 was suspended in this solution and the pH was adjusted to 4.5 by adding an aqueous 0. 1 mol/l potassium 
hydroxide solution with stirring, thereby precipitation -supporting ruthenium on chromium oxide . Then, this suspension 
was heated to 60°C with adjusting the pH to 4.5, and then stirred for 5 hours. After the completion of stirring, the 
ss suspension was air-cooled to not more than 40°C, filtered under reduced pressure, and then dried at 60°C to obtain 
a solid. The solid was ground, heated under air from room temperature to 1 70°C over 1 hour, and then calcined at the 
same temperature for 8 hours. The calcined one was heated under air from room temperature to 375*0 over 1 hour, 
and then calcined at the same temperature for 8 hours. 7.6 g of the resulting black powder was washed with 0.5 liter 
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of pure water ten times over 1 day, and then dried under air at 60'C over 8 hours to obtain 7.1 g of a 
The resulting powder was molded to adjust the particle size to 12-1B.5 mesh, thereby to obtain a catalyst of ruthenium 
oxide supported on chromium oxide. 

[0S08] Incidentally, the calcu lated value of the content of ruthenium oxide was as follows. 

Ru0 2 /(Ru0 2 + Cr 2 0 3 ) x 100 = 6.4% by weight 
[0509] The calculated value of the content of ruthenium was as follows. 

Ru/(Ru0 2 + Cr 2 0 3 ) X 100 = 4.9% by weight 

TO51 01 According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
» by sufficiently mixing 2.5 g of the ruthenium oxide supported on chromium oxide thus obtained with 5 g of a titanium 
oxide carrier adjusted to 12-18.5 mesh and then charged in a quartz reaction tube (inner diameter: 12 mm) and that 
the hydrogen chloride gas (187 ml/min.) and the oxygen gas (194 ml/min.) were passed through the reaction tube, the 
reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per "nit weight 
of the catalyst was 4.75 X 10-* mol/min.g-catalyst The formation activity of chlorine per unit weight of Ru was 97.6 X 
20 10" 4 mol/min.g-catalyst 

Comparative Example 1 

[0511] Acatalysl was prepared by the following process. That is, 0.70 g of acommercially available ruthenium chloride 
« hydra e (RuCI 3 .3H 2 0, Ru content: 35.5%) was dissolved in 4.0 g of water. After the aqueous solution was sufficient* 
sLed 5.0 g of silica (Cariact G-10. manufactured by Fuji Sitysia Chemical Co., Ltd.) obtained by ad,ust,ng a part.de 
size to 12 to 18.5 mesh and drying under air at 500'C for 1 hour, was impregnated wrth the solution of, ruthenium 
chloride dropwise, thereby to support ruthenium chloride by impregnation. The supported one was heated from room 
temperature to 100'C under a nitrogen flow (100 ml/min.) over 30 minutes, dried at the same temperature for 2 hours, 
30 and then air-cooled to room temperature to obtain a black solid. The resulting solid was heated from room temperature 
to 250»C over 1 hour and 30 minutes under an air flow of 100 ml/min.. dried at the same temperature for 3 hours and 
then air-cooled to room temperature to obtain 5.37 g of black ruthenium chloride catalyst supported on s.bca. Inciden- 
tally, the calculated value of the content of ruthenium was as follows. 

M Ru/(RuCI 3 .3H 2 0 + SiO a ) X 100 = 4.5% by weight 

r0512] According to the same manner as that described in Example 2 except that 2.5 g of the ruthenium chloride 
catalyst supported on silica thus obtained was charged in a reaction tube without being diluted wrth >• »^J™ ™* 
40 carrier in the same manner as that in Example 2 and that the hydrogen chloride gas (202 ml/m^) andthe oxygen ^as 
(21 3 ml/min.) were passed through the reaction tube and the internal temperature was ad,usted to 300 C, the react on 
was conducted. 1 .7 Hours after the beginning of the reaction, the formation activity of chlonne per unit weight of the 
catalyst was 0.49 x 10* 4 mol/min.g-catalyst. 

45 Comparative Example 2 

[05131 A catalyst was prepared by the following process. That is, 8.0 g of a powder obtained by grinding a spherical 
titanium oxide (CS-300, manufactured by Sakai Chemical Industn; Co.. Ltd.) in a mortar was sufficient* mixed w th 
0 53 g of a ruthenium dioxide powder (manufactured by NE Chemcat Co., Ltd.) with grinding in a i mortar and then 

so molded to adjust the particle size to 1 2-1 8.5 mesh, thereby to obtain a ruthenium ox,de-t.tan.um ox.de rmxed catalyst 
Incidentally, the calculated value cf the content of ruthenium oxide was 6.2% by weight. The calculated value of the 
content of ruthenium was 4.7% by weight. , lrt h««ii«- „,w. 

[0514] According to the same manner as that described in Example 2 except that 2.5 g of the ruthenium ^oxide- 
titanium oxide mixed catalyst thus obtained was charged in the reaction tube in the same ™ n "*s*** B *™£> 

ss 2andthatthehydrogench.oridegas(199ml/m^ 

tube and the internal temperature was adjusted to 299'C, the reaction was conducted 2.3 H J^' e ^ e ^ a 9 ' st 
of the reaction, the formation activity of chlorine par unit weight of the catalyst was 0.83 X 10 mol/min.g-catalyst. 
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Comparative Example 3 



[0S15] A catalyst was prepared by the following process. That is, 41 .7 g of commercially available tetraethyl ortho- 
silicate was dissolved in 186 ml of ethanol and 56.8 g of titanium tetraisopropoxide was poured into the solution. After 

s stirring at room temperature for 30 minutes, an aqueous solution which is obtained by sufficiently ^ " 

0 01 mow acelic acid solution, prepared by dissolving 0.1 4 g of acetic acid in 233 ml of pure water, wrth 93 ml of ethanol 
was added dropwise. As the solution added dropwise, a white precipitate was produced. After the completion of the 
dropwise addition, the solution was stirred at room temperature for 1 hour, healed wrth stirring and then refluxed on 
an oil bath at 102'C for 1 hour. The temperature of the solution at this time was 80«C. This solutlonwas a.r-cooled 

to filtered with a glass filer, washed with 500 ml of pure water and then filtered again. After this operation was repeated 
twice the resultant was dried under air at 60'C for 4 hour, heated from room temperature to 550 C for 1 .5 hour and 
then calcined at the same temperature for 3 hours to obtain 27.4 g of a white solid. The resulting sold was ground to 

obtain a titania silica powder. . . . i „ _ _ 

[05161 The resulting titania silica powder (8.0 g) was impregnated with a solution prepared by dissolving 113 g id la 

is commercially available ruthenium chloride hydrate (RuCfe.nHp, Ru content: 35.5%) in 8.2 g of water, followed by 
dryinq in air at 60'C for 1 hour to support ruthenium chloride. The supported one was heated from room temperature 
to 300'C under a mixed flow of hydrogen (50 ml/min.) and nitrogen (100 ml/min.) over 1 .5 hour, reduced at the same 
temperature for 1 hour and then air-cooled to room temperature to obtain 8.4 g of a grayish brown metal ruthenium 
supported on titania silica powder. _„...„, 

20 [0S17] The resulting metal ruthenium supported on titania silica powder (8.4 g) was heated from room temperature 
to 600'C under air flow over 3 hours and 20 minutes and then calcined at the same temperature for 3 hours to obtain 
8.5 g of a gray powder. The resulting powder was molded to adjust the particle size to 12 to 18.5 mesh, thereby to 
obtain a ruthenium oxide catalyst supported on titania silica. 

[0518] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

25 

Ru0 2 /(Ru0 2 + TiO z + Si0 2 ) X 100 = 6.2% by weight 



[0519] The calculated value of the content of ruthenium was as follows. 

30 

Ru/(RuO z + Ti0 2 + Si0 2 ) X 100 = 4.7% by weight 

[0520] According to the same reaction manner as that described in Example 2 except that the ruthenium oxide 
35 catalyst supported on titania silica (2.5 g) thus obtained was charged in a reaction lube without diluting with the t'tanlum 
oxide carrier in the same manner as that described in Example 2 and that the hydrogen chloride gas (1 80 mWm.n.) and 
the oxygen gas (1 80 ml/min.) were passed through the reaction tube, the reaction was conducted. 1 .8 Hours after tne 
beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 0.46 X 10-» mol/min.g- 
catalyst. 

40 

Comparative Example 4 

[0S211 A catalyst was prepared by the following process. That is, 60.3 g of chromium nitrate enneahydrate was 
dissolved in 600 ml of water and the solution was heated to 45 »C. Then, 64.9 g of 25 wt % ammonia water was added 
4S dropwise over 1 .5 hours with stirring, followed by stirring at the same temperature for additional 30 minutes^ 3.3 liter 
of water was added to the formed precipitate and, after allowing to stand overnight to cause sedimentation the super- 
natant was removed by decantation. Then, 2.7 liter of water was added, followed by stirring sufficiently for 30 minutes. 
The precipitate was washed by repeating this operation five times. After the precipitate was washed, the supernatant 
was removed by decantation. Then. 49 g of 20 wt % silica sol was added and. after stirring, the mixture was evaporated 
to dryness at 60 "C using a rotary evaporator. The resultant was dried at 60 °C for 8 hours and then dried at 120 C 
for 6 hours to obtain a green solid. Then, this solid was calcined in air at 600-C for 3 hours and then molded to obtain 
a Cr 2 0,-Si0 2 catalyst of 12.5 to 18 mesh. 

[0522] According to the same reaction manner as that described in Example 2 except that 2.5 g of the Cr 2 0 3 -Si0 2 
catalyst thus obtained was charged in the reaction tube without being diluted with a titanium oxide carrier in the same 
manner as that described in Example 2 and that the oxygen gas (200 ml/min.) was passed through the reaction tube 
and the internal temperature was adjusted to 301'C, the reaction was conducted. 3.7 Hours after the begmning of the 
reaction, the formation activity of chlorine per unit weight of the catalyst was 0.19 X 1(H mol/mln.g-catalyst. 
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Comparative Example 5 

[0523] A catalyst was prepared by the following process. That is. 10.1 g of a spherical (1-2 mm in size) titanium oxide 
carrier (CS-3O0S-12, manufactured by Sakai Chemical Industry Co.. Ltd.) was impregnated with a solution prepared 
previously by dissolving 1.34 g of commercially available ruthenium chloride (RuCI 3 .nH 2 0, Ru content: 37.3^ by 
weight) in 3 7 g of pure water, and then dried at 60'C for 4 hours. As a result, a blackish brown solid was obtained. To 
reduce this solid with hydrogen, the solid was heated from room temperature to 25CTC under a mixed gas flow of 
hydrogen (20 ml/min.) and nitrogen (200 ml/min.) over 2 hours, and then reduced at the same temperature for 8 hours. 
After the reduction, 10.3 g of a black solid was obtained. Then, the resulting solid was heated to 350<>C under air over 
1 hour and then calcined at the same temperature for 3 hours. As a result, 10.6 g of a black ruthenium oxide catalyst 
supported on titanium oxide was obtained. Incidentally, the calculated value of the content of ruthenium oxide was as 
follows. 

Ru0 2 /(Ru0 2 + Ti0 2 ) X 100 = 6. 1% by weight 
[0524] The calculated value of the content of ruthenium was as follows. 

Ru/(RuQ 2 + TiQ 2 ) X 100 = 4.7% by weight 



[0S25] X-ray diffraction analysis of the titanium oxide used was conducted under the same conditions as those of 
Example 1 . As a result, the content of the rutile crystal was 0%. 

[0526] According to the same reaction manner as that described in Example 2 except that 2.5 g of the ruthenium 
25 oxide catalyst supported on titanium oxide thus obtained was charged in the reaction tube in the same manner as that 
described in Example 2 and that the hydrogen chloride (187 ml/min.) and the oxygen gas (199 ml/mm.) were passed 
through the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation 
activity of chlorine per unit weight of the catalyst was 2.89 X 10-4 mol/min.g-catalyst. 

30 Comparative Example 6 

[05271 A catalyst was prepared by the following process. That is, 10.0 g of a spherical (1-2 mm in size) 5 wt% 
supported metal ruthenium-titanium oxide catalyst (manufactured by N.E. Chemcat Co., Ltd.) was impregnated with 
an aqueous 0 5 mol/l of potassium chloride solution until water oozed out on the surface of the catalyst, and then dried 

as at 60 8 C for 1 hour This operation was repeated twice. The impregnation amount of the aqueous potassium chloride 
solution was 3.31 g at the first time, and 3.24 g at the second time. The total amount was 6.55 g. The calculated value 
of the molar ratio of potassium chloride to ruthenium was 0.66. Then, the resulting solid was dried. The dried one was 
heated to 350°C under air over 1 hour, and then calcined at the same temperature for 3 hours. Then, the resulting 
solid was washed with 500 ml of pure water for 30 minutes and filtered off. This operation was repeated five times. An 

40 aqueous silver nitrate solution was added dropwise to the filtrate and it was confirmed that potassium chloride is not 
remained After washing, the solid was dried at 60°C for 4 hours to obtain 9.9 g of a spherical black ruthenium oxide 
catalyst supported on titanium oxide. Incidentally, the calculated value of the content of ruthenium oxide was as follows. 



Ru0 2 /(Ru0 2 + TO 2 ) X 100 = 6.6% by weight 
[0528] The calculated value of the content of ruthenium was as follows. 

Ru/(RuO,> + TiCU) X 100 = 5.0% by weight 
so 2 

[0529] According to the same reaction manner as that described in Example 2 except that the catalyst was diluted 
by sufficiently mixing 2.5 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with titanium 
oxide carrier and then charged in a quartz reaction tube (inner diameter: 1 2 mm) and that the hydrogen chloride (1 87 
55 ml/min.) and the oxygen gas (1 99 ml/min.) were passed through the reaction tube, the reaction was conducted. 2.0 
Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.03 X 
10' 4 mol/min.g-catalyst. 
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Comparative Example 7 

r0530] 40 1 g of a 6.6 wt% ruthenium oxide catalyst supported on titanium oxide (anatese crystal) ctotetaed to tha 
Same manner as that described in Example 20 was charged in the same reaction tube as that in Example 18. and then 
heated in the same salt bath. The length ot the catalyst bed was 9.2 cm. ^ tofc «, 

[oSir incwfn^. the calculated va.ueof the content of ruthenium oxide as the active component (A) of the catalyst 

K^SrTto the method for evaluation of the controllability of the reaction "g^fj™^ J? 

Sin was conducted. The hydrogen chloride gas (0.88 l/min.) and the oxygen gas a53 l/m.n ) wer supplied. M 
SSZSSlm beginning of the reaction, the bath temperature became constant at 276-C ^^f, Jr 50 ml^tes 
mti .nan became stable at 301 S'C. The conversion of hydrogen chloride at this time was 37%. Even after 50 minutes 
tie bath ^Saturfw^ constant at 277'C and the interna, temperature was stabie at 302.3'C. Then, he bath 

emSStuTwa^a se^S ?C in total over 55 minutes to make it constant at 281'C. As a result, the interna temper- 

to contro. the reaction temperature. At the time when the interna, temper- 
ature raised to 348'C. supply of the reaction gas was stopped and the reaction operation ended. 

Comparative Example B 

TOS331 According to the same manner as that described in Example 20 except lor using 65.3 g (51 ml) of a high purity 
S bat. (quSSss thermal conductivity of a so.id phase at 227 -C is 1.6 W/m -C) sphere of 2 : mn, m , s,^ 
manufactured by Nikkato Co.) wherein puri.y of S0 2 is not ,ess than 99.99% in ptace o. o^urruna system 
was obtained. The length of the catalyst bed in the same reaction tube as that .n Exa^O w« 16 5 era 
[0534] Incidental*, the calculated value of .he content of ruthen.um oxide as the act.ve component (A) of the catalyst 
was as follows. 

Ru0 2 /(Ru0 2+ Ti0 2 (catalyst carrier component ) + SiO a ) X 100 = 0.86% by weight 
[0S3S] Quartz glass used is not a component (B) because thermal conductivity of a solid phase at 227 'C is 1 .6 W/ 

raS36] According to the same manner as that described in Example 22 except that the temperature of the electric 
furnace was controlled so that the maximum temperature (hot spot) of the catalyst bed becomes the same temperature 
as that in Example 22, the reaction was conducted. 

losm 1 Hour and 5 minutes after the beginning o. the supply of hydrogen chloride and oxygen, the temperature 
of the electric lumace became constant at 297-C and the maximum temperature (hot spot) of the catalyst bed became 
^Efe at 390-cT, .he point which is 4 cm from the catalyst bed Met and, furthermore, the temperature d.tribubon of 
the catalyst bed was as "shown in Fig. 9. According to the same manner as that described hn Example 
amount of chlorine and the amount of the non-reacted hydrogen chloride were measured. As a ™*£*™™*r 
^hydrogen chloride was 62.3% and the formation efficiency of chlorine was 8.1 mol chlorine/l-catalyst system.h. 
(Results are summarized in the Table.) 





Temperature of catalyst 
bed^C) (hot spot) 


Conversion of hydrogen 
chloride 1 ){%) 


Formation efficiency of 
chlorine 2 ) (mol chlorine/ 
catalyst system.h) 


Example 20 


391 


74.9 


14.9 


comparative Example 8 


390 


62.3 


8.1 



1) : Conversion otnyoroasn onionae = " — rv 

2) :Formalion efficiency of chlorine = (mol termed chlorine por unit tlmey(volume ol charged catalyst system) 

Comparative Example 9 

[0S38] 121 g of a 6.6 wt% ruthenium oxide catalyst supported on titanium oxide obtained in to***™"™™'** 
that described in Example 20 was charged in the same reaction tube as that in Example 21. and then heated in the 
s™ s ^ Sn TheZg h of .he catalyst bed was 54 cm. Incidentally, the ca.cub.ed value of the content of ruthenium 
M as the active component (A) of the catalys. was 6.6% by weight.According to the same method lor eva.uat.on of 
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the controllability of the reaction temperature of Example 21, the reaction was conducted. The hydrogen chloride gas 
(6.1 l/min.) and the oxygen gas (3.05 l/min.) were supplied. 

B 4Hours after the beginning of the reaction, the bath temperature became constant at 295.5'C and the internal tern- 
perature (hot spot) became stable at 330'C. Then, the bath temperature was raised by 5.5'C in total over 23 minutes 
to make it constant at 301 '0. As a result, the internal temperature raised to 350°C and it became difficult to control 
the reaction temperature. At the time when the internal temperature raised to 350°C, supply of the reaction gas was 
stopped and the reaction operation ended . 



io Claims 

1. A process for producing chlorine by oxidizing hydrogen chloride with oxygen, wherein said process uses one 
catalyst selected from the following catalysts (1) to (9): 

15 (1 ) a supported ruthenium oxide catalyst obtained by the steps which comprise supporting a ruthenium com- 

pound on a carrier, treating the supported one by using a basic compound, treating by using a reducing com- 
pound, and oxidizing; 

(2) a supported ruthenium oxide catalyst obtained by the steps which comprise supporting a ruthenium com- 
pound on a carrier, treating the supported one by using a reducing agent to form ruthenium having an oxidation 

20 number of 1 to less than 4 valence, and oxidizing; 

(3) a supported ruthenium oxide catalyst obtained by the steps which comprise supporting a ruthenium com- 
pound on a carrier, reducing the supported one by using a reducing hydrogenated compound, and oxidizing; 

(4) a supported ruthenium oxide catalyst obtained by using titanium oxide containing rutilo titanium oxide as 
a carrier; 

25 (5) a supported ruthenium oxide catalyst obtained by the steps which comprise supporting a ruthenium com- 

pound on a carrier, treating the supported one by using a reducing compound or reducing agent in a liquid 
phase, and oxidizing, wherein titanium oxide contains an OH group in an amount of 0.1 X 10" to 30 X 10* 
(mol/g-carrier) per unit weight of the carrier, 

(6) a catalyst system containing the following components (A), and not less than 1 0% by weight of component 
30 (B): 

(A) an active component of catalyst; 

(B) a compound wherein thermal conductivity of a solid phase measured by at least one point within a 
range from 200 to SOO'C is not less than 4 W/m.°C; 

35 

(7) a supported ruthenium oxide catalyst having a macro pore with a pore radius of 0.03 to 8 micrometer; 

(8) an outer surface-supported catalyst obtained by supporting ruthenium oxide on a carrier at the outer sur- 
face; and 

(9) a supported ruthenium catalyst obtained by using chromium oxide as a carrier. 

40 

2 The process according to claim 1 (1), wherein the reducing compound is a compound selected from the group 
consisting of hydrazine, methanol, ethanol, formaldehyde, hydroxyzine, formic acid and compounds having a 
oxidation-reduction potential of -0.8 to 0.5 V. 

45 3 The process according to claim 1 , wherein the catalyst (2) Is a supported ruthenium oxide catalyst obtained by the 
steps which comprise supporting at least one ruthenium compound selected from the group consisting of ruthenium 
halide, chlororuthenate salt, oxyruthenate salt, rutheniumoxy chloride, ruthenium-ammine complex, chloride of 
ruthenium-ammine complex, ruthenium acetylacetonato complex, ruthenium organic acid salt and rutheniummt- 
trosyl complex on a carrier, treating the supported one by using a reducing agent to form ruthenium having an 

so oxidation number of 1 to less than 4 valence, and oxidizing. 

4. The process according to claim 1 , wherein the catalyst (2) is a supported ruthenium oxide catalyst obtained by the 
steps which comprise supporting at least one ruthenium compound selected from the group consisting of ruthenium 
halide, chlororuthenate salt, oxyruthenate salt, rutheniumoxy chloride, ruthenium-ammine complex, chloride of 
ruthenium-ammine complex, ruthenium acetylacetonato complex, ruthenium organic acid salt and ruthenium-ni- 
trosyl complex on a carrier, treating the supported one by using a basic compound, treating by using a reducing 
agent, and oxidizing. 
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5. The process according to claim 1 (2), wherein the reducing agent is a reducing compound. 

6. The process according to claim 1 , wherein the catalyst (4) is a supported ruthenium oxide catalyst obtained by the 
steps which comprise supporting a ruthenium compound on a carrier, treating the supported one by using a re- 
ducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 
group in an amount of 0.1 x 10" 4 to 30 x 10* 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

7. The process according to claim 1 . wherein the catalyst (4) is a supported ruthenium oxide catalyst obtained by the 
steps which comprise supporting a ruthenium compound on a carrier, treating the supported one by using a re- 
ducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 
group in an amount of 0.2 x 10* 4 to 20 X 10" 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

8. The process according to claim 1 , wherein the catalyst (4) is a supported ruthenium oxide catalyst obtained by the 
steps which comprise supporting a ruthenium compound on a carrier, treating the supported one by using a re- 
ducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 
group in an amount of 3 X 1 0~ 4 to 1 5 X 1 0- 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

9. The process according to claim 1 , wherein the catalyst (1 ), (2), (3), (4) or (5) is a supported ruthenium oxide catalyst 
obtained by using titanium oxide containing nol less than 10% by weight of rutile titanium oxide as a carrier. 

1 0. The process according to claim 1 , wherein the catalyst (1 ), (2), (3), (4) or (5) is a supported ruthenium oxide catalyst 
obtained by using titanium oxide containing not less than 30% by weight of rutile titanium oxide as a carrier. 

11. The process according to claim 1 , wherein the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtained 
by supporting a ruthenium compound on a carrier, reducing the supported one by using a reducing hydrogenated 
compound, and oxidizing. 

12. The process according to claim 1 , wherein the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtained 
by supporting a ruthenium compound on a carrier, treating the supported one by using a reducing compound, and 
oxidizing. 

1 3. The process according to claim 1 , wherein the catalyst (4) or (5) is a supported ruthenium oxide catalyst obtained 
by supporting a ruthenium compound on a carrier, treating the supported one by using an alkali solution of a 
reducing compound, and oxidizing. 

14. The process according to claim 1 , wherein the catalyst system (6) is a catalyst system at least containing a com- 
ponent (A), a component (B) and a catalyst carrier component. 

1 5. The process according to claim 1 , wherein the catalyst system (6) is a catalyst system containing both of a molding 
containing the component (A) and the component (B) obtained by integrally molding and a molding containing the 
component (B) obtained by integrally molding. 

16. The process according to claim 1, wherein the catalyst (7) is an outer surface-supported catalyst obtained by 
supporting ruthenium oxide on a carrier at the outer surface. 

17. The process according to claim 1 , wherein the catalyst (8) is an outer surface-supported catalyst prepared by an 
alkali preliminary impregnation process. 

18. The process according to claim 1, wherein the catalyst (9) is a ruthenium oxide catalyst supported on chromium 
oxide. 

19. The process according to claim 1 , wherein the catalyst (9) is a catalyst obtained by calcining a ruthenium chloride 
catalyst supported on chromium oxide. 

20. A process for producing a supported ruthenium oxide catalyst selected from the following processes (1 ) to (5): 

(1) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a carrier, treating the supported one by using a basic compound, treating by using a 
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reducing compound, and oxidizing; ^ 4 _ a 

(2) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a carrier, treating the supported one by using a reducing compound to form ruthenium 
having an oxidation number of 1 to less than 4 valence, and oxidizing; 
5 (3) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 

ruthenium compound on a titanium oxide carrier containing rutile titanium oxide, treating the supported one 
by using a reducing agent, and oxidizing; 

(4) a process for producing a supported ruthenium oxide catalyst, which comprises the steps of supporting a 
ruthenium compound on a titanium oxide carrier containing an OH group in an amount of 0.1 x 10 to 30 x 

10 10-4 (mol/g-carrier) per unit weight of a carrier, treating the supported one by using a reducing agent, and 

oxidizing; and 

(5) a process for producing a supported ruthenium oxide catalyst containing ruthenium oxide only at an outer 
surface layer, not less than 80% of the outer surface of said catalyst satisfying the following expression (1): 

16 S/L<0.35 CD 



20 



wherein L is a distance between a point (A) and a point (B), said point (B) being a point formed on the surface 
of a catalyst when a perpendicular line dropped from any point (A) on the surface of the catalyst to the inside 
of the catalyst goes out from the catalyst at the opposite side of the point (A), and S is a distance between the 
point (A) and a point (C), said point (C) being a point on the perpendicular line where ruthenium ox.de does 
not exist wherein said process comprises supporting an alkali on a carrier, supporting at least one ruthenium 
compound selected from the group consisting of ruthenium halide, rutheniumoxy chloride, ruthenium-acety- 
lacetonato complex, ruthenium organic acid salt and rulhenium-nitrosyl complex on the carrier, treating by 
25 using a reducing agent, and oxidizing. 

21 The process according to claim 20 (2), wherein said process comprises the steps of supporting at least one ru- 
thenium compound selected from the group consisting of ruthenium halide, chlororuthenate salt, oxyruthenale salt, 
rutheniumoxychloride, ruthenium-ammine complex, chloride of ruthenium-ammine complex, ruthenium-acetylac- 

30 etonato complex, ruthenium organic acid salt and ruthenium-nitrosyl complex on a carrier, treating the supported 

one by using a reducing agent to form ruthenium having an oxidation number of 1 to less than 4 valence, and 
oxidizing. 

22 The process according to claim 20 (2), wherein said process comprises the steps of supporting at least one ru- 
35 thenium compound selected from the group consisting of ruthenium halide, chlororuthenate salt, oxyruthenate salt, 

rutheniumoxychloride. ruthenium-ammine complex, chloride of ruthenium-ammine complex, ruthenium-acetylac- 
etonato complex, ruthenium organic acid salt and ruthenium-nitrosyl complex on a carrier, treating the supported 
one by using a basic compound, treating by using a reducing agent, and oxidizing. 

40 23. The process according to claim 20 (2). wherein the reducing agent is a reducing compound. 

24. The process according to claim 20 (1) or (2), wherein said process comprises supporting ruthenium halide on a 
carrier, adding an alkali to the supported one, treating by using a reducing compound, adding an alkali metal 
chloride, and oxidizing. 

45 

25. The process according to claim 20 (1) or (2), wherein said process comprises supporting ruthenium halide on a 
carrier, treating the supported one by using an alkali solution of a reducing compound, adding an alkali metal 
chloride, and oxidizing. 

so 26. The process according to claim 20 (1). (2), (3) or (4), wherein the carrier is titanium oxide containing not less than 
10% by weight of rutile titanium oxide. 

27. The process according to claim 20 (1), (2), (3) or (4), wherein the carrier is titanium oxide containing not less than 
30% by weight of rutile titanium oxide as a carrier. 

28. The process according to claim 20 (3) or (4), wherein said process comprises supporting a ruthenium compound 
on a carrier, reducing the supported one by using a reducing hydrogenated compound, and oxidizing. 
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29. The process according to claim 20 (3) or (4), wherein said process comprises supporting a ruthenium compound 
on a carrier, treating the supported one by using a reducing compound, and oxidizing. 

30 The process according to claim 20 (3) or (4), wherein said process comprises supporting a ruthenium compound 
5 on a carrier, treating the supported one by using an alkali solution of a reducing compound, and oxidizing. 

31 The process according to claim 20 (3), wherein the catalyst is a supported ruthenium oxide catalyst obtained by 
the steps which comprise supporting a ruthenium compound on a carrier, treating the supported one by using a 
reducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 

io group in an amount of 0. 1 x 1 0" 4 to 30 x 1 0" 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

32. The process according to claim 20 (3). wherein the catalyst is a supported ruthenium oxide catalyst obtained by 
the steps which comprise supporting a ruthenium compound on a carrier, treating the supported one by using a 
reducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 

is group in an amount of 0.2 x 10' 4 to 20 X 1 0* 4 (mol/g-carrier) per unit weight of a carrier is used as the earner. 

33. The process according to claim 20 (3), wherein the catalyst is a supported ruthenium oxide catalyst obtained by 
the steps which comprise supporting a ruthenium compound on a carrier, treating Ihe supported one by using a 
reducing compound or a reducing agent in a liquid phase, and oxidizing, wherein titanium oxide containing an OH 

20 group in an amount of 3 X 1 0" 4 to 1 5 X 1 0 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

34. The process according to claim 20 (3) or (4), wherein the catalyst is obtained by supporting a ruthenium halide on 
carrier, treating the supported one by using a reducing compound, and oxidizing. 

25 35. The process according to claim 20 (3) or (4), wherein the catalyst is obtained by supporting a ruthenium halide on 
carrier, treating the supported one by using an alkali solution of a reducing compound, and oxidizing. 

36. A supported ruthenium oxide catalyst obtained by supporting on a titanium oxide carrier containing not less than 
20% by weight of rutile titanium oxide. 

so 

37. A catalyst according to claim 36, wherein the content of rutile titanium oxide is not less than 80% by weight. 

38. A catalyst according to claim 36 or 37, wherein the content of rutile titanium oxide is not less than 90% by weight; 

3S 39. A catalyst according to any one of claims 36 to 38, wherein titanium oxide containing an OH group in an amount 
of 0.1 x 10" 4 to 30 X 10- 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

40. A catalyst according to any one of claims 36 to 39, wherein titanium oxide containing an OH group in an amount 
of 0.2 X 10* 4 to 20 X 10" 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

40 

41. A catalyst according to any one of claims 36 to 40, wherein titanium oxide containing an OH group in an amount 
of 3 X 10* 4 to 10 X 10" 4 (mol/g-carrier) per unit weight of a carrier is used as the carrier. 

42. A catalyst according to any one of claims 36 to 41, which is a supported ruthenium oxide catalyst obtained by 
45 supporting a ruthenium compound on a carrier, reducing the supported one by using a reducing hydrogenated 

compound, and oxidizing. 

43. A catalyst according to any one of claims 36 to 41, which is a supported ruthenium oxide catalyst obtained by 
supporting a ruthenium compound on a carrier, treating the supported one by using a reducing compound, and 

so oxidizing. 

44. A catalyst according to any one of claims 36 to 41. which is a supported ruthenium oxide catalyst obtained by 
supporting a ruthenium compound on a carrier, treating the supported one by using an alkali solution of a reducing 
compound, and oxidizing. 
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Fig. 2 
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Vertically cutting pi 
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Fig. 3 




Vertically cutting plane 
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Fig. 4 
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Fig. 5 
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Fig. 6 



- Cumulative Intrusion vs Radius 
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Fig. 7 



Cumulative Intrusion vs Radius 
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Fig. 8 
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Fig. 9 
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